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Shiley has modified its proven S-100A oxygenator to include a High 
Efficiency Defoamer which effectively reduces gaseous microemboli 
through an advanced three-stage filtration system. 


The defoamer components include two polyurethane depth media and a 
105 micron outer polyester screen filter which provides a greater open 
area for straight-through flow and smaller pore size for improved filtration. 


The “step-down” defoaming process begins as oxygenated blood 
passes through a large 20 pore per inch polyurethane sponge and then 
crosses a smaller 80 pore per inch polyurethane sponge. Final defoam- 
ing is accomplished with the 105 micron polyester screen. 


a The total defoaming surface area is increased by approximately 28% 
| over the previous S-100A defoamer. The polyester screen that has 
od replaced the nylon tricot sock offers a more precise pore size, better 
3 dimensional stability and greater open area. Whatever your cardiopul- 
monary needs, look to Shiley—we re setting the standard in the next 
generation of perfusion products. 





5 For detailed information describing warnings, precautions and contraindications, refer to the instructions 
provided with each device. 
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: Edwards" Bioprotheses are 
\ow American Edwards designed to facilitate valve inser- F 
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They also reduce the possibility of 
leaflet injury caused by grasping 
the valve directly with surgical 
instruments. 
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Responsiveness. It starts with 
careful listening. The develop- 
ment of holders and handles for 
our tissue valves is just one 
example of how important it is 

for us to know what you need to 
deliver better patient care. In 
future American Edwards 
Responds, we will provide further 
indications of how learning 
about your needs as physicians 
has led to exciting new develop- 
ments in other areas of critical 
care. 

Responsiveness. At American 
Edwards, it’s an attitude that 
leads to progress. 
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M "i Chest access only 

FA eh R 
\ccessibility you want. To meet the unique draping Uncompromising in 
voverage you need. needs of CV surgery. providing patient care. 
‘he new Boundary Cardiovascular The unique CV split sheet with tape Boundary’s unique fenestration rein- 
’ack is a system of specialized com- adapts easily to a variety of exposures. forcement is totally impermeable to 
ionents providing excellent free- The split sheet also provides sufficient fluid penetration, absorbent, and 
raping ability to give maximum fabric if troughs are desired. superior to linen in fluid repellency 
lexibility in patient draping. and lower lint levels. 


Adaptable to a wide range of CV draping techniques. 


Your Procter & Gamble Surgical Products 
Representative has more information on ordering. 
Call 800-238-6975. In Tennessee, 901-454-8173 
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‘his 1000x scanning electron micro- 
hotograph of the new GORE-TEX 
ardiovascular patch clearly shows 
ae node-fibril arrangement that pro- 
ides multidirectional strength. 


Please send me additional informa- 
tion on the items I have checked: 
C GORE-TEX cardiovascular 
patches 
O GORE-TEX vascular grafts 
O Large-diameter 
O Small-diameter 
O Bifurcated 
O Please have your representative 
call for an appointment. 


© Copyright 1982, W.L. Gore & Associates, Inc. 


the COREY 
cardiovascular patch. 


C Superior multidirectional strength 

O No preclotting required 

O Easy to handle and use 

O Biocompatible, non-thrombogenic 

O Useful for a wide range of cardio- 
vascular procedures 

O Non-fraying 

O Excellent suture retention strength 


The GORE-TEX 
cardiovascular patch, 
in brief. 
The GORE-TEX cardiovascular patch 


is a sheet of pure expanded poly- 
tetrafluoroethylene (PTFE), similar in 








most respects to the GORE-TEX vas- 
cular graft. 

The patch may be used in periph- 
eral, great vessel reconstructive, and 
cardiac situations. 

The standard patch size is5 cm x 
7.5 cm x 1 mm (2” x 3" x .040"); 
standard packaging is five patches 
per package. 


For more 
information, 
samples. 


For more information on the GORE- 
TEX cardiovascular patch, or on any 
of the other GORE-TEX vascular 
reconstructive products, use the 
coupon below. 


W.L. Gore & Associates, Inc. 


P.O. Box 1220 


p Route 213 North 
Elkton, MD 21921 


Name 

Address 

City 

Hospital Affiliation 


Surgical Specialty 


® Registered trademark of W.L. Gore & Associates, Inc. 


State Zip 
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Medtronic makes unipolar pacemakers 
that don’t listen when pectoral muscles talk. 
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Your pacemaker patient merely 
combs his hair, and electrical noise 
from his pectoral muscles inhibits 
pacing function. You have reason 
to be concerned, especially since 
the patient may experience the 
symptoms which brought him to 
you in the first place. 
There is a solution: Medtronic. 
Medtronic unipolar pacemakers 
do not sense the electrical artifacts 
typically generated by normal pec- 
toral muscle activity. Our patented 
sensing circuit design discrimi- 
nates between typical muscle arti- 
facts and the heart’s R-waves. 
The multiprogrammable Spec- 
trax SXT is one sterling example 
of how Medtronic design outwits 
pectoral muscles. Electrograms 
show that all human musculature 
“sounds” practically alike, making 
absolute discrimination very diffi- 
cult. Opening and closing pace- 
maker band width is clearly not the 
solution. Medtronic technology is. 
Extensive testing of ten manu- 
facturers’ pacemakers demon- 
strates that Medtronic provides 


superior muscle EMI rejection}. 
The sensing curve at right demon- 
strates why. 
Spectrax listens only to the 
heart. And you. Spectrax SXT is 
Medtronic’s most advanced single- 
chamber pacemaker. It gives you 
the programming versatility you 
expect from Spectrax, with the 
added advantage of telemetry for 
simple—and just plain useful—fol- 
lowup. All in only 45 grams. And 
you can select from one unipolar or 
two bi-polar configurations. 
Medtronic’s integrated pacing 
system gives you the most versatile 
patient management. Components 
are performance-matched for pre- 
cise and reliable pacing therapy. 
While Spectrax SXT tunes out 
pectoral muscle noise, you keep 
tuned into the heart through the 
Medtronic Censys™ programmer, 
your vital communications link to 
any Medtronic pacemaker. With 
the Spectrax SXT, Censys trans- 
mits eight programmed parame- 
ters, battery status and ID 
numbers. Plus intracardiac elec- 


Medtronic È) 


Leading the way to man’s heart. 
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ectrax SXT solves the problem of muscle 
ctrical noise sensing in unipolar pacing. 
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trograms which could alert you to 
adjust sensitivity settings. Several 
other programmable features pro- 
vide simplified, precise followup. 
And you have the easy-to-read 
ECGs and other advantages of un- 
ipolar pacing, with the assurance 
that muscle EMI will not threaten 
your patients new feeling of well 
being. Spectrax SX T"—The world’s 
most prescribed pacemaker. 


‘for more information, see PACE, vol. 5, No. 1, pages 1-37. 


Medtronic Implantable Pulse Generators 
and Leads 


ntended Uses 

/entricular pacing using an implantable ventricular pulse generator 
s for long-term therapeutic control of heart rate in patients with 
mpulse formation or conduction disorders leading to bradyarrhy- 
hmias, tachyarrhythmias and heart block (see product labeling for 
jetailed list of intended uses). An atrial pulse generator is for long- 
erm therapeutic control of heart rate in patients with impulse forma- 
ion disorders but with intact, functioning A-V conduction systems. 
Dardiac pacing using an implantable A-V sequential pulse generator 
s for long-term therapeutic control of heart rate in patients where 
estoration of A-V synchrony is indicated to improve cardiac output 
yr to protect against arrhythmias related to sequence of cardiac 
mpulse propagation. 


Sontraindications 

There are no known contraindications to the use of pacing as a 
herapeutic modality for the control of heart rate in patients with 
1ormal conduction systems. In certain patients with anomalies of 
he conduction system (WPW syndrome and related conditions), 
yatients may be benefited or harmed by cardiac pacing. Therefore, 
slectrophysiologic studies are required prior to therapeutic applica- 
ion of pacing. In addition, the patient's age and medical condition 
nay dictate the particular pacing system and implantation proce- 
jure used by the physician. 


Warnings 

iathermy should not be used on patients with pacemakers be- 
sause of possible heat damage to electronic components. Electro- 
surgical units should never be used in the vicinity of unipolar pulse 
jenerators or bipolar pulse generators implanted in the unipolar 
node because of danger of introducing fibrillatory currents into the 
eart via the implanted pulse generator/lead. Pulse generators may 
2e damaged by defibrillatory discharges if the paddles are placed 
ver the implanted pulse generator. See the specific precautions and 
varnings in the technical manuals included with the pulse generator. 


Precautions 

The physician should be aware that all pulse generators will ulti- 
nately cease to function due to cell depletion, and may fail at any 
ime due to random component or battery failures which cannot be 
oredicted prior to failure. Also, that the pacing system may cease to 
‘unction at any time due to lead-related problems such as displace- 
nent, fracture, fibrotic tissue formation, elevated thresholds and 
nedical complications, and that proper operation may be affected by 
alectrical interference from certain electrical equipment. 


Side Effects 

Body rejection phenomena, including local tissue reaction, muscle 
and nerve stimulation, infection, erosion of pulse generator/lead 
through skin, transvenous lead-related thrombosis, embolism and 
cardiac tamponade. 








NOW-—A handsome way to protect 
and preserve your personal copies of 


ANNALS OF THORACIC SURGERY 


A durable custom-designed Library Case or Binder 
will protect your copies of the ANNALS OF 
THORACIC SURGERY from loss and wear. At the 
same time, this impressive addition to your library 
will help you conserve valuable space and reduce 
clutter. Both the case and the binder come in hand- 
some maroon simulated leather, with an embossed 
spine in black lettering for maximum legibility. 
Scuff-resistant and washable, each includes gold 
transfer so you can print the volume and year. 


Order your Library Case or Binder for the 
ANNALS OF THORACIC SURGERY by simply 
mailing the coupon below with your check, specify- 
ing with your order which style and size you prefer. 
Satisfaction is unconditionally-guaranteed or your 
money back. 


BINDER 


To: Jesse Jones Box Corp. 
P.O. Box 5120 Dept. APS 
Philadelphia, PA 19141 


My check or money order for $ _____ is enclosed. 
Please send me: 


O THE ANNALS OF THORACIC SURGERY 
Binder(s). Each binder holds 12 issues. Prices: 
$7.50 each; 3 for $21.75; 6 for $42.00. 


O THE ANNALS OF THORACIC SURGERY Cases(s). 
Each case holds 12 issues. Prices: $5.95 each; 
3 for $17.00; 6 for $30.00. i 





Name 


Address 





City State Zip 


(The prices above include postage and handling within the 
United States; make checks payable to Jesse Jones Box Corp.) 
For all orders outside the United States, please add $2.50 

per unit. 





When youre looking toward the futur 
in cephalosporin therapy... 
you'll be looking at Gləxo. 


Glaxo Inc. 
Fort Lauderdale, Florida 3 
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THIS COULD BE THE DAY 
WHEN THE ONLY THING 
YOU CAN TURN TO IS 
INTRAVENOUS ERYTHROCIN 


Your patient is seriously ill. ..nonrespon- indicated to initiate therapy. Chances 
sive to other antibiotics. The pneumonia are your Formulary includes the most 
progresses, and you suspect you're widely used intravenous erythromycin: 
seeing Legionnaires’ Disease. Erythrocin Lactobionate. 

Itis possible. Estimates of unrec- Experience has shown that, even 
ognized LD deaths in the United in seriously ill patients, with the use 
States range from 25,000 to 71,000 of intravenous erythromycin, the 
annually." reversal of LD is often dramatic.’ 

Only one drug...erythromycin. ..is And may well be life-saving. 

INTRAVENOUS 


ERY THROCIN 


FOR CONTINUOUS INFUSION 
Erythrocin® 
Lactobionate-!. V. 


(erythromycin lactobionate 
for injection, USP) 


FOR INTERMITTENT INFUSION 
Erythrocin® 
Piggyback 


(erythromycin lactobionate 
for injection, USP) 





ABBOTT LABORATORIES North Chicago, IIl. 60064 


Please see next page for Brief Summary 


1. Fay, D., etal, Unrecognized Legionnaires’ Disease As a Cause of Fatal I!Iness, JAMA, June 13, 1980 
2. Reingold, A.L., et al (letter) Frequency of Fata! Legionnaires’ Disease, JAMA, Feb. 20, 1981 

3. Kirby, B.D., et al, Legionnaires’ Disease: Clinical Features of 24 Cases, Annals of Internal Medicine, 
Sept., 1978 


ERYTHROCIN® 
LACTOBIONATE-I.V. 


(erythromycin lactobionate for injection, USP) 


ERYTHROCIN® PIGGYBACK 


(erythromycin lactobionate for injection, USP) 


INDICATIONS — ERYTHROCIN LACTOBIONATE-I.V. 
and ERYTHROCIN PIGGYBACK (erythromycin lactobio- 
nate for injection) are indicated in the treatment of pa- 
tients where oral administration is not possible or where 
the severity of the infection requires immediate high 
serum levels of erythromycin. Intravenous therapy 
should be replaced by oral administration at the ap- 
propriate time. 

Streptococcus pyogenes (Group A beta hemolytic strep- 
tococcus): Upper and lower respiratory tract, skin, and 
soft tissue infections of mild to moderate severity. 

Injectable benzathine penicillin G is considered by the 
American Heart Association to be the drug of choice in 
the treatment and prevention of streptococcal 
Pharyngitis and in long-term prophylaxis of rheumatic 
fever 

When oral medication is preferred tor treatment of the 
above conditions, penicillin G, V, or erythromycin are 
alternate drugs of choice. 

Staphylococcus aureus: Acute infections of skin and 
soft tissue of mild to moderate severity. Resistant organ- 
isms may emerge during treatment 

Streptococcus pneumoniae (Diplococcus pneumoniae) 
For upper respiratory tract infections (e.g., otitis media, 
pharyngitis) and lower respiratory tract infections (e.g., 
Pneumonia) of mild to moderate severity. 

Mycoplasma pneumoniae (Eaton agent, PPLO): For 
respiratory infections due to this organism. 

Hemophilus influenzae: For upper respiratory tract in- 
fections of mild to moderate severity when used con- 
comitantly with adequate doses of sulfonamides. (See 
sulfonamide labeling for appropriate prescribing infor- 
mation). The concomitant use of the sulfonamides is 
necessary since not all strains of Hemophilus influenzae 
are susceptible to erythromycin at the concentrations of 
the antibiotic achieved with usual therapeutic doses. 

Corynebacterium diphtheriae: As an adjunct to antitox- 
in, to prevent the establishment of carriers, and to eradi- 
cate the organism in carriers. 

Corynebacterium minutissimum: In the treatment of 
erythrasma. 

Listeria monocytogenes: Infections due to this organ- 
ism. 

Neisseria gonorrhoeae: ERYTHROCIN LACTOBIO- 
NATE-I.V. or ERYTHROGIN PIGGYBACK (erythromycin 
lactobionate for injection) in conjunction with erythromy- 
cin stearate or base orally, as an alternative drug in 
treatment of acute pelvic inflammatory disease caused 
by N. gonorrhoeae in female patients with a history of 
sensitivity to penicillin. Before treatment of gonorrhea, 
patients who are suspected of also having syphilis 
should have a microscopic examination for T. pallidum 
(by immunofluorescence or darkfield) before receiving 
erythromycin, and monthly serologic tests for a minimum 
of 4 months. 

Legionnaires’ Disease: Although no controlled clinical 
efficacy studies have been conducted, in vitro and 
limited preliminary clinical data suggest that erythromy- 
cin may be effective in treating Legionnaires’ Disease 


CONTRAINDICATIONS — Erythromycin is con- 
traindicated in patients with known hypersensitivity to 
this antibiotic. 


PRECAUTIONS — Since erythromycin is principally 
excreted by the liver, caution should be exercised when 
erythromycin is administered to patients with impaired 
hepatic function 

Prolonged or repeated use of erythromycin may result 
in an overgrowth of nonsusceptible bacteria or fungi. If 
superinfection occurs, erythromycin should be discon- 
tinued and appropriate therapy instituted. 

Areas of localized infection may require surgical 
drainage in addition to antibiotic therapy. 

Recent data from studies of erythromycin reveal that 
its use in patients who are receiving high doses of 
theophylline may be associated with an increase of 
serum theophylline levels and potential theophylline tox- 
icity. In case of theophylline toxicity and/or elevated 
serum theophylline levels, the dose of theophylline 
should be reduced while the patient is receiving con- 
comitant erythromycin therapy. 

Usage during pregnancy and lactation: The safety of 
erythromycin for use during pregnancy has not been es- 
tablished. 

Erythromycin crosses the placental barrier. Erythro- 
mycin also appears in breast milk. 


ADVERSE REACTIONS — Side effects following the 
use of intravenous erythromycin are rare. Occasional 
venous irritation has been encountered. 

Allergic reactions, ranging from urticaria and mild skin 
eruptions to anaphylaxis, have occurred with in- 
travenously administered erythromycin. 

Reversible hearing loss associated with 
the intravenous infusion of 4 Gm or more per 
day of erythromycin lactobionate has been ABBOTT 
reported rarely. 
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The Human Touch 


Anthony R. C. Dobell, M.D. 


ABSTRACT Surgery is the interaction between two 
human beings—the surgeon and the patient. Our 
acts as surgeons are based on science and we em- 
ploy sophisticated technology, but the human aspects 
of the relationship still pertain. We should continue 
to emphasize the importance of communicating 
clearly with our patients both before and after an 
operative procedure, and we should recognize that 
each human being is a unique individual and re- 


quires, at least in some minor degree, a therapeutic. 


plan designed especially for him or her. 


It has been a privilege for me to have served as 
President of The Society of Thoracic Surgeons, 
and as I said when the news was first conveyed 
to me at the meeting in Atlanta two years ago, I 
am deeply grateful. I am not going to speak 
today as a Canadian, but I wish to point out the 
appreciation genuinely sensed north of the 49th 
parallel that we are welcomed fully into surgical 
societies in the United States. Certainly this has 
always been the case in our specialty, and I re- 
mind you that Eberts, of Montreal, was one of 
the founders of the American Association for 
Thoracic Surgery, and that Archibald, of the 
same city, was on the first editorial board of 
The Journal of Thoracic Surgery. This com- 
radeship and trust between us have been fos- 
tered by the examples of the American College 
of Surgeons (“Founded by Surgeons of the 
United States and Canada”) and the venerable 
American Surgical Association, in both of 
which great organizations Canadians have 
been permitted to play a full and responsible 
role. It was Archibald’s Presidential Address to 
the American Surgical Association in 1935 that 
directly set off the chain of events culminating 
in the establishment of the American Board of 
Surgery [1]. I do not plan to dwell on the many 
other contributions by my compatriots. Let me 
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simply express our thanks for the opportunity 
of participating fully in “American” societies. 

I wish to thank the officers, councillors, and 
committee members who have contributed so 
much to the functioning of our Society. The 
Secretary, Jerry Rainer, has handled an im- 
mense load effectively, good naturedly, and 
cpenly—thanks to the ever busy photocopier. 
Walter Purcell, of Smith, Bucklin in Chicago, 
with his superbly efficient office and staff, has 
provided us with absolutely first-class service. 
Nor do I wish to forget at this time the excellent 
work done by our two most important com- 
mittees, the Program Committee and the Post- 
graduate Committee. These are the people who 
have worked so hard to create the format for 
this meeting. They have been innovative, as 
have their predecessors, in trying to make our 
meeting as effective a learning experience as 
possible for all of us. Let us never lose sight of 
the fact that our annual meeting is the prime 
reason for our existence as a society. 

I have the opportunity to talk on any subject I 
choose. I plan to talk primarily about people— 
our patients—not because there is a major de- 
fect in our relationship and not because I look 
on myself as a genuine expert in this area. 
Rather, I look on myself as saying things almost 
all of us believe and have learned about pa- 
tients. But perhaps these things need re- 
peating from time to time. 


The Art of Medicine 

The question I am asking refers to the work art 
as in the phrase “the art of medicine.” The 
question is: Is there art in medicine and surgery 
today? or phrased otherwise, is surgery an art 
or a science or a technology or a business? 


Communication 
Three recent books by patients or their wives 
document: 


1. Isolated instances of callousness by doctors 
2. The depersonalization of tertiary care medi- 
cine 
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3. The desire of many patients, at least those 
who write books, to participate actively in 
their care 

4. The vital importance of the bond between 
doctor and patient 


The books referred to are A Private Battle [2] by 
Cornelius Ryan and Kathryn Morgan Ryan 
about his terminal illness with prostatic cancer; 
Heartsounds [3] by Martha Weinman Lear about 
her urologist husband’s terminal illness with 
ischemic heart disease; and Anatomy of an Ill- 
-ness [4] by Norman Cousins. The first two are 
intensely moving, precisely documented re- 
ports of courageous, life-loving men whose 
bodies were gradually destroyed by a fatal dis- 
ease. Both superb and disappointing perfor- 
mances by consultants, personal physicians, 
and housestaff are documented with undebat- 
able accuracy. 

I had been an admirer of Cornelius Ryan for 
years because of his books The Longest Day and 
A Bridge Too Far, which reported great events 
through the participation of individuals. Ryan 
kept a quote from Walt Whitman pinned on his 
wall: “Underneath all, individuals, I swear 
nothing is good to me now that ignores indi- 
viduals” [5]. Ryan wrote: : 


In a general’s summation or a cancer statistic, the 
lone human being, frightened and suffering, is left 


out of the picture. I have spent my professional life 


trying to put him back in. There can be no under- 
standing of war or disease without knowledge of 
what the individuals involved endured. (p 376) 


Ryan’s last book was dictated clandestinely 
while he was writing A Bridge Too Far. Un- 
known to him, his wife was also keeping a 
journal of his battle. I will quote a few passages 
illustrating the outlook of this talented reporter 
in certain situations. Ryan wrote: 


Whenever I walk through the doors of a hospital I 
become sick with anxiety. Suppose something is 
done there that was totally unnecessary, the real 
problem not treated? You won't be able to protest or 
demand more time to think things out or be com- 
forted by your own people. Because, in hospital, you 
don’t make the decisions governing your own life. 
You’ve got to trust the doctors to be right. And if 
they’re not, you’ve gone through it all for noth- 


ing—the pain and the fear and the unfamiliarity 
of a world where sickness, not health, is normal. (pp 
53-54) 


Later on, Ryan recounted his conversation 
with the urologist who had recommended a 
prostatic biopsy but was reluctant to explain 
the details of the procedure. Ryan wrote: 


It is my belief that every patient has a right to know 
as much as he wants about the medication or medical 
services that are prescribed for him. To be fair, I sup- 
pose that comprehension, intelligence, and the capa- 
bility to absorb a doctor’s information without de- 
veloping grave misgivings or morbidity should be 


taken into account. But I think if a patient questions . 


something, it is a doctor’s obligation to explain 
within those limits. It was clear that this doctor felt 
no such compulsion. (pp 71-72) 


Subsequently, the doctor was hesitant in 
giving the result of the prostatic biopsy, and 
Ryan continued: 


I was familiar with such practices. What was un- 
familiar was that this was happening in a situation 
where my right to know the specialist’s information 
should not be subject to debate. What knowledge he 
possessed about the outcome of my tests concerned 
me more vitally than it could ever matter to him. (p 
76) 


You may think from these passages that the 
Ryan book is an indictment of the medical pro- 
fession or of hospital practice. Far from it. I 
have simply selected certain passages docu- 
menting the absolute importance of communi- 
cation in managing a patient's illness. 

It seems to me that adequate communication 
is the keystone of our relationship with our pa- 
tients. Take the operative period, for example. 
Patients and their families want to hear directly 
from the surgeon before and after an opera- 
tion. Communication can be helped by having 
another person act as intermediary when the 
surgeon is not available and by having infor- 
mative booklets for distribution to patients and 
their families. But you only have to have one 
family member undergo an operation to realize 
what tremendous emphasis is put on even 
casual remarks that a surgeon makes to a fam- 
ily. They hang on every word. We must com- 


$ 
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municate clearly and understandably. Com- 
munication of this sort is a vital link and a vital 
responsibility that cannot be shirked. 

Along this line, I regret the habit in some in- 
stitutions of putting postoperative patients in 
intensive care areas managed by staffs that are 
to some extent anonymous. It is still the sur- 
geon’s duty to remain aware of his patient’s 
condition and to remain in close touch with the 
family. In the family’s eye, he is still the re- 
sponsible surgeon and he had better so act. 
And he had better determine that the patient is 
at all times being managed in accordance with 
his wishes. 

It is easy to explain why we do not have to 
communicate. The fact is that such excuses are 
not valid. We must communicate. 

The book by Cousins is an expansion of his 
paper in The New England Journal of Medicine 
[6] and constitutes a thoughtful essay on the 
need for the patient to take some responsibility 
for his own recovery from disease. Cousins did 
not have a fatal disease and he did not die, so 
his book does not tug at the heart as do the 
other two. . 

Still, Cousins has important messages for us 
as surgeons. He pleads for us to retain the “art” 
of medicine, which I think means to show pa- 
tients we truly care for them. “Time,” he says 
“is the one thing that patients need most from 
their doctors.” And yet we know how difficult 
it is for us to spare that time. There are always 
reasons to be elsewhere rather than sitting 
talking to a patient, particularly if medical sci- 
ence has little more to offer. l i 


Surgery and Science 

Nowadays we talk little of the art of medicine, 
certainly even less of the art of surgery. Is 
surgery then a science? Are we scientists? 
Surgery is based on science, which is defined as 
“systematic and formulated knowledge” [7], 
and some of you are truly scientists. But I know 
I am not. For example, I can never think of a 
patient as one of a series but only as a single, 
unique individual, and I try to treat each pa- 
tient as such. Like you, I read scientific papers 
and change my views and advice on the basis of 
these reports. I use science, but that does not 
quite make me a scientist—at least not in my 


own eyes. Understand that I do not wish to 
downgrade the science of surgery at all. The 
more that a surgeon’s decisions are based on 
science and on the scientific method, the better. 
But science cannot always accomplish the cure 
without the bond of human understanding 
between patient and doctor. 

Take an active teenage boy with a prosthetic 
valve in place. He has been taking anticoagu- 
lants for some time but finds the periodic blood 
sampling to be unpleasant and time-con- 
suming. Furthermore, the tests seem to him 
to be a waste of time, since the recommended 
dose rarely changes after the blood test. The 
importance of anticoagulation has been ex- 
plained to him (can a teenager really under- 
stand the danger of a stroke when surrounded 
by carefree, confident young people?) and he is 
prepared to take the medication without blood 
tests every three weeks. What do we do? We 
bend the rules. We try to maintain the boy’s 
confidence and agree to do fewer blood tests 
because it is either that or no anticoagulation at 
all, and science tells us of the benefit of an- 
ticoagulation. We try hard not to lose this one 
apprehensive young man from the relationship 
and involvement in his own care that we have 
developed over the years. 


Patient—Physician Relationship 

We often learn from our patients. Some years 
ago, my-colleagues and I lost confidence in a 
prosthetic aortic ball-valve when we and others 
had patients sustain the dreaded consequence 
of poppet escape. We decided to remove this 
series of valves electively, and I called in a man 
who had had a very complicated postoperative 
course after the initial valve replacement. I told 
him we had lost confidence in the valve. He 
took about ten seconds to decide that we ought 
to change it, which we did successfully within 
the week. The point is that as a result of a long- 
standing relationship, the patient had confi- 
dence in us and if we advised valve removal, 
then he wanted it done and done soon. One of 
my pleasures is still to see this man regularly. I 
confess that to me the proposal that a healthy 
patient undergo elective reoperation was ini- 
tially difficult to come to grips with. It certainly 
was not for this patient nor was it, to my sur- 
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prise, for any of the other patients in whom 
elective removal was recommended. 

Cousins maintains that people want to par- 
ticipate in their care. Can a patient. decide 
whether he would prefer a prosthetic or a por- 
cine valve? One surgeon told me he allows the 
patient to decide this question. My reply to him 
was that it is our duty to advise patients and 
that he undoubtedly phrased his information to 
the patient in such a way that the patient chose 
the valve the surgeon preferred. He denied this 

-and claimed he presented the pros and cons and 
simply let the patient decide. I now think this 
may just about be possible. Our approach is to 
describe the various types of valve to a patient 
preoperatively and then to indicate our prefer- 
ence for his particular situation. We make a rec- 
ommendation, but the final decision is made 
jointly with the patient. 

The concept of the “art of medicine” goes 
back to the days of empirical medicine when 
the old adage “to cure sometimes, to relieve 
often, to comfort always” applied. It refers to 
the ability to give hope, to make wise decisions 
based on a knowledge of human beings. Take 
the case of a woman 75 years old who required a 
second valve replacement. Postoperatively she 
became depressed and felt, I think, superfluous 
and expendable while recovering from this 
second operation. She discovered she could eat 
nothing. without severe indigestion. She was 
fed intravenously for a time and then by tube. 
Finally, her wise physician sent her out of the 
hospital to have lunch with friends. She had her 
hair done and never looked back. She is now 
very active and enjoying life. 

Older patients require special consideration. 
An older woman once told me, “Don’t dis- 
criminate against us just because we’re old. We 
have as much right to health as the next per- 
son.” Old people do not necessarily feel old, 
and a capable older person can be shocked and 
distressed by a young doctor's attitude sug- 
gesting that there is little point in attempting 
aggressive treatment. 

No group of patients require individualiza- 
tion of treatment more than the aged. Some are 
obviously nearing the end of life’s journey with 

- multiple-organ deterioration, and they should 

be gently directed elsewhere. But if there has 
been no significant cerebral deterioration, then 


surgical treatment should be considered. My 
associates operated on an 89-year-old man with 
intractable angina, and he is back to enjoying 
life. I know you all have similar experiences. Of 
course mortality will be higher in this group. 
The patients of whom I speak accept this as the 
price of returring to health. It takes time to 
understand the attitude and life-style of the 
older patient, and the situation must be dis- 
cussed with the family as well as the patient. 
Cousins writes of the accomplishments of Pablo 
Casals and Albert Schweitzer in their later 
years. They were dynamos in their 80s; we all 
know similar people. In Quebec, our legendary 
figure is an act-ve skier who was featured in an 
article in one of our national magazines as 
“Canada’s oldest skier.” The article was written 
thirty-odd years ago when he was in his early 
70s! He is now 106 and still skiing and leading 
an independent life. Last year he made a trilin- 
gual speech in English, French, and Cree. He 
broke his hip when he was 100 and underwent 
successful internal fixation. Would we remove 
an expanding abdominal aneurysm if it was 
discovered in this man? We certainly might. 


Importance of the Individual 

The word art ir. the “art of medicine” applies to 
the total ability of the physician or surgeon to 
bring relief to an individual patient. It implies 
the possibility that 2 patients with identical 
disease processes will be treated slightly 
differently—to their benefit—because they are 
different people. One is older or fatter or more 
decisive or moze athletic or has a younger fam- 
ily or a more hactic work situation or any num- 
ber of other human variables, and so we treat 
him according to his needs. 

We have to zake into account that many pa- 
tients know nothing at all about illness or 
aging. In earlier generations, at least in a rural 
setting, families lived together as a unit and, in 
general, there was an older family member 
being cared for by the younger folk who con- 
sequently acquired a knowledge of sickness 


and the aging process. No so today. Some pa- 


tients sent for our opinion simply need an ex- 
planation for their symptomatology and not an 
operation. They may need the operation later, 
and we should see them at intervals to see how 
they adjust to their symptoms over time. Other 
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patients do not know how sick they are. Their 
blood pressure is sky high, they have bruits in 
their neck and a history of two infarctions, and 
they are concerned with mild intermittent 
claudication or mild angina, and they wonder 
why we do not advise surgical treatment: We 
do not tell them of the indications we see that 
their lives are almost over. We deal with them 
in an encouraging way. We provide hope—but 
not an operation. This, too, comes under the 
heading of the art of. surgery. 

One of our obligations to our patients is to 
think before every operation. This may be a 
benefit of the long drives to and from the hos- 
pital that many surgeons have, for it gives them 
a time, usually alone, when they can think 
about their most important operation—the next 
one on the schedule. We should ask ourselves 
whether we fully understand this patient's 
problem. Do we understand the reason for the 
symptoms and pathophysiological abnormal- 
ities in this patient? 

We should then ask ourselves whether our 
planned operative procedure: will relieve the 
patient’s situation. The operation should make 
sense, and if not, we certainly should not do it. 
We should be reluctant to do operations we do 
not understand. What then of thymectomy for 
myasthenia gravis? There is certainly a place for 
empiricism—“if it works, do it”—and our ob- 
ligation is to collect the data that have con- 
firmed the benefits of this operation and have 
indicated at what stage the operation should be 
performed. We have a continuing obligation, 
which several surgeons are fulfilling, to inves- 
tigate the mechanism by which thymectomy is 
effective and possibly to expand this therapeu- 
tic effort to other diseases. Still, I confess that if 
I ever think of myself as a pure technician, it is 
when I am asked by a neurologist to remove a 
patient’s thymus for myasthenia. I talk to the 
patient and try to understand how the disease 
affects her and explain the likely postoperative 
course. However, the patient’s primary liaison 
~ remains with the neurologist. It is true then that 

we sometimes function largely as technicians. 
` We can be proud of our technical capabilities. 
But we are not purely technicians. 
Is surgery a business? It is easy to understand 
the primary goal of a young surgeon heavily in 
debt after his medical school years, unable to 


reduce that debt significantly during his resi- 
dency, and hit at the end of training by a 
thousand-dollar expense to take the Board ex- 
aminations. He needs to make money, and may 
organize his practice with income as his primary 
goal. He may find he greatly enjoys making and 
spending the money he earns. But surgery is not 
primarily a business. 

Surgery is not primarily a business or a tech- 
nology; nor is it pure science nor pure art. It is 
the care of one human being by another; a re- 
lationship involving to some extent technology, 
science, art, and business; a relationship in- 

volving invasion and manipulation of one indi- 
vidual’s body by another; a celaucnshie re- 
quiring the human touch. 

On the wall of his workroom, Cornelius Ryan 
had pinned William Faulkner’s address in ac- 
cepting the Nobel Prize for Literature in 1950. 
This passage was underlined: 


I believe that man will not merely endure: he will 
prevail. He is immortal... he has a soul, a spirit 
capable of compassion and sacrifice and endurance. 
The . . . writer's duty is to write about these things. It 
is his privilege to help man endure by lifting his 
heart, by reminding him of the courage and honor 
and hope and pride and compassion and pity and 
sacrifice which have been the glory of his past. [1, p 
395; 8] 


Let us be influenced by these words in our 
relationships with our patients. 
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The Subxiphoid Approach to Pericardial Disease 


Richard L. Prager, M.D., Charles H. Wilson, M.D., 


and Harvey W. Bender, Jr., M.D. 


. ABSTRACT During the 36-month period from July, 
1978, through July, 1981, 25 patients underwent a 
subxiphoid pericardial window procedure for diag- 
nosis and therapy. Twelve patients were operated on 
for uremic pericarditis, 6 for malignancy, and 7 for 
etiological diagnosis of the pericarditis. All 12'pa- 
tients with renal failure had enlarging effusions, de- 
spite aggressive dialysis. Eleven of the 12 are alive, 
free from recurrence, 3 to 36 months postoperatively. 
Six patients were operated on for suspected pericar- 
dial malignancy with hemodynamic compromise. 
Histological diagnosis was made from the pericar- 
dial tissue in all patients; only 1 patient lived more 
than 43 days following the procedure. 

In the group of 7 patients operated on for diag- 
nosis, 4 were thought preoperatively to have tuber- 
culous pericarditis. All 4 were treated with anti- 
tuberculosis chemotherapy and are asymptomatic, 
without evidence of calcification, 12 to 31 months 
postoperatively. 

‘This diverse group of patients demonstrates that 
the subxiphoid pericardial window is an effective 
approach for relief of uremic effusions and may ade- 
quately treat effusive tuberculous pericarditis when 
combined with multidrug chemotherapy. Patients 
with suspected malignant pericardial disease and 
hemodynamic compromise need to be carefully 
studied before an operative procedure is considered 
as a means of diagnosis and therapy. 


Pericardial disease has been recognized for 
centuries, perhaps even in the time of Homer 
[1]. Pericardial effusions result from acute and 
chronic processes that involve the pericardium. 
This report reviews the courses of 25 patients 
with pericardial effusions who underwent a 
subxiphoid pericardial window procedure as a 
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method of diagnosis and, in the majority of 
them, as treatment of the pericardial disease. 

There was no morbidity following the proce- 
dure although 2 patients, 1 with uremia sec- 
ondary to end-stage renal disease and 1 with a 
constricting neoplasm who was operated on in 
a moribund state, died in the postoperative pe- 
riod. The controlled approach of a subxiphoid 
window under general or local anesthesia 
avoids the complications of pericardiocentesis 
and appears to be as effective as the more inva- 
sive transpleural or anterior approach to the 
pericardium. 


Material and Methods 

In a three-year period from July, 1978, through 
July, 1981, 25 patients underwent a subxi- 
phoid pericardial window procedure. They 
ranged from 20 to more than 70 years old: 20 
to 30 years, 3 patients; 30 to 40 years, 3; 40 to 50 
years, 3; 50 to 60 years, 9; 60 to 70 years, 4; and 
more than 70 years, 3. The procedure was 
routinely carried out under general endotra- 
cheal anesthesia. All patients were prepared 
for the procedure while conscious, and sterile 
drapes were placed outlining the entire thorax 
and abdomen. Following this, anesthesia was 
induced and the patient intubated. An 8 to 10 
cm incision was made extending from the 
xiphosternal junction towards the umbilicus. 
The technique utilized was similar to that out- 
lined by Fontenelle and colleagues [2] in 1970. 
The linea alba was divided and the xiphoid 
routinely excised, and the distal sternum was 
elevated with a small, angled retractor. The 
pericardiodiaphragmatic junction was iden- 
tified and the diaphragm depressed inferiorly. 
The pericardium was elevated, and a portion of 
anterior pericardium of at least 4 X 4 cm was 
removed. This was cultured and examined 
histologically. The fluid removed was routinely 
cultured, and cytological and biochemical 
studies were done. The pericardial space was 
inspected, and any areas of fluid loculation 
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were evacuated anteriorly and posteriorly. For 
drainage, a 32F drainage tube was placed in the 
posterior pericardium and brought out through 
a separate stab wound. The incision was closed 
in layers. If there was a purulent effusion, the 
wound was closed with 30 gauge stainless steel 
wire and the skin was left open. The tube was 
placed to underwater-seal drainage and was 
removed following cessation of all drainage. We 
saw no fluid reaccumulation in the early or late 
postoperative period or at follow-up. We are 
planning to use echocardiography to reevaluate 
several of our patients with uremia who 
underwent this procedure to see if there is any 
residual fluid in the late follow-up period. 

The 25 patients in this series underwent the 
procedure for various reasons: 12 for uremic 
effusion, 6 for malignant effusion, 5 for infec- 
tious effusion, and 2 for unknown effusion. All 
patients were suspected on chest roentgeno- 
gram of having a pericardial effusion. The 12 
patients who were uremic were undergoing 
dialysis when the effusion was noted. In all of 
these patients, the dialysis was intensified: The 
dialysis runs were longer and more frequent. If 
the effusion remained moderate in size or en- 
larged on this dialysis regimen, a subxiphoid 
window was done electively. One patient in 
this group required emergency pericardiocen- 
tesis because of tamponade during the initia- 
tion of dialysis. In all 12 patients, preoperative 
echocardiograms demonstrated moderate effu- 
sions; the average effusion at drainage was 640 
ml of serosanguineous fluid. All patients in this 
group were men ranging from 20 to 61 years old. 

The second group of patients was made up of 
those with pericardial effusions and suspected 
malignancy. There were 4 men and 2 women, 
with an age range of 56 to 70 years; all of these 
patients had signs and symptoms of impending 
tamponade. Three of the 6 patients, all men, 
were thought to have lung cancer with medias- 
tinal or pulmonary masses. All had bloody effu- 
sions averaging 1,200 ml at operation. One 
woman with known breast carcinoma, had a 
500 ml effusion drained, and a second woman, 
with known ovarian carcinoma, had a 500 ml 
effusion evacuated. One man was explored in 
extremis for a suspected malignant effusion 
from a renal carcinoma. 


Five men who ranged in age from 26 to 79 
years and who were suspected to have infec- 
tious pericarditis, underwent subxiphoid win- 
dow procedures. Four were believed to have 
tuberculous pericarditis with average drainage 
of 175 ml of serofibrinous fluid. One patient 
with necrotizing pneumonia and effusion 
underwent drainage of a purulent 500 ml of 
Hemophilus influenzae effusion. 

Two patients with effusions of unknown 
etiology and no hemodynamic compromise 
were operated on. The drainage from each was 
159 ml. 


Results 

In the group of 12 uremic patients undergoing 
window procedures, there was 1 postoperative 
death. It occurred in a man with severe diabetes 
who was recovering from a below-the-knee 
amputation at the time of the window proce- 
dure. There was no postoperative morbidity in 
the 11 survivors, and they are free from recur- 
rence 3 to 36 months postoperatively; 1 of these 
patients underwent a transplant six weeks fòl- 
lowing the drainage procedure. 

The 3 patients with adenocarcinoma of the 
lung and malignant effusions who underwent 
drainage lived less than 38 days. Two of them 
were able to be discharged from the hospital 
following the procedure, and 1 died in the hos- 
pital, following a brief course of mediastinal ir- 
radiation. One patient in extremis, suspected of 
having a malignant pericardial effusion and 
with echocardiographic findings consistent 
with a posterior effusion, was operated on ur- 
gently, following two unsuccessful pericar- 
diocenteses. At operation he was found to have 
obliterative neoplastic constriction; he died 
during exploration. At postmortem examina- 
tion he was found to have renal carcinoma. One 
woman with metastatic breast carcinoma died 
in the hospital 43 days after the drainage pro- 
cedure. The only survivor following a win- 
dow procedure was a 56-year-old woman with 
known adenocarcinoma of the ovary who had a 
symptomatic 500 ml effusion. She is alive 8 
months postoperatively. 

The 4 patients with signs and symptoms of 
infection and hemodynamic compromise were 
suspected of having tuberculous effusions. Two 
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of these 4 had caseating granulomas in the 
pericardium, and acid-fast organisms were re- 
vealed on fluorescent stain of the tissue. Two 
had granulomas without organisms in the tis- 
sue. All 4 were treated with antituberculosis 
chemotherapy and are free from recurrence or 
calcification 12 through 31 months postopera- 
tively. One patient underwent drainage of a 
purulent bacterial effusion and is doing well 3 
months postoperatively. 

Two patients were explored for diagnosis of 
the effusions. One patient had systemic lupus 
erythematosus and symptoms of an enlarging 
effusion. She was found to have chronic 
pericarditis with lymphoblastic infiltrates com- 
patible with lupus pericarditis. The second pa- 
tient was found to have hemorrhagic pericar- 
ditis of unknown etiology. Both are alive and 
. well 9 and 24 months postoperatively. 


Comment 

Pericardial disease has been a topic of interest 
and investigation since the time of Hippocrates 
and Galen. Through the centuries various 
physicians and investigators, including such 
notables as Paré, Morgagni, and Lower, have 
tried to understand and explain the diseases 
and problems that affect the pericardium [1]. In 
this area, pericardial effusions result from both 
acute and chronic processes, primary or sec- 
ondary, that involve the pericardium. This se- 
ries reviewed the courses of 25 patients who 
underwent subxiphoid drainage of the effu- 
sions. 

The technique utilized was suggested by Lar- 
rey [3] in 1810, and reemphasized in 1829 [4]. 
The technique was redescribed in 1970 by Fon- 
tenelle and co-workers [2] and is essentially the 
one utilized in this series. It can be performed 
under local anesthesia with minimal inconve- 
nience, or under general anesthesia. There is 
almost no morbidity, and the recovery phase is 
brief. Patients with suspected or proved con- 
striction are not candidates for the subxiphoid 
approach, nor are extremely obese patients or 
those with very narrow costal arches. The last 
two situations limit the surgeon’s ability to ob- 
tain a large segment of pericardium, a necessity 
for long-term success. . 


The patients with uremia represent the 
largest subset in this series. In a center caring 
for more than 375 patients a year with in-center 
or home dialysis, only 12 patients were oper- 
ated on for relief of uremic effusions, during a 
three-year period. Intensification of dialysis 
regimens appears to have lowered the number 
of patients requiring drainage, as suggested by 
Kwasnik and associates [5]. Steroids were not 
administered to these patients, and purpose- 
fully, no attempt was made to use pericardio- 
centesis on these patients because of the risk of 
that procedure and the negligible morbidity 
and mortality of a subxiphoid window proce- 
dure. When at least 4 x 4 cm of pericardium are 
removed, recurrence has not been a problem. 

Infectious effusions have been managed suc- 
cessfully in 5 patients in this series. Four pa- 
tients with tuberculous pericarditis have been 
followed for 12 through 31 months, and they 
show no evidence of pericardial calcification or 
constriction. Although follow-up is short, it 
appears that in the early stage of the effusion, 
especially with serofibrinous effusion and mul- 
tidrug chemotherapy, a nonthickened pericar- 
dium does not need to be entirely resected, 
as others believe [6]. Also, purulent effu- 
sions are drained utilizing this technique with- 
out contaminating the pleural space. 

The approach to patients with malignant ef- 
fusions remains problematic. Five of the 6 pa- 
tients in this series died within 43 days of the 
diagnostic and therapeutic drainage. In view 
of these results, if survival is unlikely to be 
improved by a window procedure, pericar- 
diocentesis with or without short-term catheter 
drainage may offer both cytological diagnosis 
and improved hemodynamics. Those patients 
whose general condition is stable, whose out- 
look for continued survival is reasonable, and 
who have therapeutic modalities still available 
(specifically, further chemotherapy or local ir- 
radiation), are offered subxiphoid windows. As 
Hankins and colleagues [7] showed previously, 


the subxiphoid approach for neoplasm is a 


reasonable one. It is imperative, however, to 
understand the natural history of the primary 
tumor and its potential responsiveness prior to 
undertaking operative intervention. 

After studying this diverse group of patients, 
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we believe that the subxiphoid approach is ef- 
fective for drainage of effusions, as Fontenelle 
[2], Lajos [8], Santos [9], and their co-workers 
have illustrated previously. Patients with 
uremic effusions respond well, as do patients 
with infectious processes, including tuber- 
culosis. As a method to obtain an etiological 
diagnosis of an effusion, this approach avoids 
the pitfalls of pericardiocentesis and is a well- 
tolerated procedure under local or general 
anesthesia. Finally, in carefully selected pa- 
tients it affords benefits to those with malig- 
nant effusions and hemodynamic compromise. 
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Blood Elastolytic Activity 


in Patients with Aortic Aneurysm 
Donald J. Cannon, Ph.D., and Raymond C. Read, M.D. 


ABSTRACT The question of why obstruction of the. 
aorta (Leriche’s syndrome) develops in some patients 
with severe atherosclerosis of the abdominal aorta 
while an abdominal aortic aneurysm occurs in others 
was examined. Significant differences in age, 
height, weight, mortality, and subsequent operative 
treatment were found between 335 patients with 
Leriche’s syndrome and 103 patients with abdominal 
aortic aneurysm. Almost all in both groups smoked 
and demonstrated leukocytosis. In smokers with 
aneurysm, circulating serum elastolytic activity and 
leukocytic granular elastolytic activity were signifi- 
cantly increased, whereas serum antiproteolytic 
capacity was reduced. These results indicate that the 
development of abdominal aortic aneurysm in pa- 
tients who smoke correlates with an abnormal 
homeostasis between proteolytic and antiproteolytic 
activity. 


Until 20 years ago, pulmonary emphysema 
(Latin: swelling or ballooning of the lung 
parenchyma) was ascribed to wear and tear of 
the connective tissues in the lung from blow- 
ing, coughing, and bronchiolar obstruction, 
abetted by aging. A similar mechanistic etiol- 
ogy is being used now to explain the develop- 
ment of most aneurysms of the aorta, especially 
the commonest form—that arising in the ab- 
dominal aorta with its peculiar medial struc- 
ture [1]: Aging and atherosclerosis with calcifi- 
cation are thought to damage the integrity of 
the aortic wall, rendering it unable to resist 
normal or increased intraluminal pressure and 
turbulence [2]. To extend the analogy with em- 
physema, the current biochemical hypothesis 
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for destruction cf the lung in this disease envis- 
ages a local disturbance in the homeostasis 
between proteolytic enzymes and their in- 
hibitors, with lsukocytic elastase as the main 
culprit [3-5]. 

In 1981, we [6] provided evidence suggesting 
that in certain -ndividuals with inguinal her- 
niation, the metabolic derangement brought 
about by smoking is not restricted to the lungs 
but can affect other parts of the body. The pre- 
sumed mechanism for this metastatic em- 
physema is leakage from the lungs of proteo- 
lytic enzymes, in particular elastase, into the 
systemic circulation. This is coupled with a 
smoke-induced (through polymorphonuclear 
leukocytes) destruction of the activity of cir- 
culating a,-protease inhibitors [7, 8]. In view 
of the continued activity of the other major cir- 
culating proteas2 inhibitor (@.-macroglobulin) 
when complexed with elastase [9], the potential 
for tissue injury is created. The aortic wall con- 
tains considerab-e elastic tissue, and congenital 
or acquired lysyloxidase deficiency, which is 
known to damage collagen and elastin matura- 
tion in human beings and animals (thereby 
rendering them susceptible to possible endoge- 
nous proteolytic degradation), is associated with 
both aneurysm and emphysema [10, 11]. We 
therefore investigated the possibility that 
uninhibited circulating elastase contributes to 
the development of abdominal aortic aneurysm 
in human beings. 


Material and Me-hods 

Samples of whole blood and serum were taken 
from patients on the morning of operation 
(aortofemoral bypass or aneurysmectomy). 
Polymorphonuclear leukocytes from 15 to 25 ml 
of whole blood were isolated directly by differ- 
ential density ceatrifugation by the Hypaque- 
Ficoll technique [12], followed by hypotonic 
lysis of residual erythrocytes. This method re- 
sulted in an 85 to 90% yield of polymor- 
phonuclear leukocytes, which were 94 to 96% 
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viable as determined by trypan blue exclusion. 
Isolated cells were homogenized in 0.34 M su- 
crose, and the granules were isolated by differ- 
ential centrifugation [13]. The granules were 
extracted by repeated freeze-thawing followed 
by centrifugation [13]. Extracts were assayed for 
protein by the method of Lowry and associates 
[14]. Elastolytic activity was measured with suc- 
cinyltrialanylnitroanilide substrate (Schwarz- 
Mann, 62 U per milligram) as described by 
Bieth and co-workers [15] using pancreatic 
elastase standards. Values are expressed as 
units of pancreatic elastase activity per mil- 
ligram of protein. 

Patient serum samples were clotted at room 
temperature, iced, centrifuged, and stored at 
—50°C. Serum a,-antiprotease and a»-macro- 
globulin concentrations and elastolytic activity 
were determined as previously described 
[6]. Phenotyping for a,;-antiprotease was de- 
termined by isoelectric focusing [6]. Samples 
from patients with Leriche’s syndrome or aneu- 
rysm who underwent operation were assayed 
for serum trypsin inhibitory activity follow- 
ing preliminary screening for a,-antipro- 
tease phenotype, pulmonary disease, and alco- 
holism. All assays described were performed 
in duplicate within two months after prepara- 
tion of serum and granular extracts. Repeated 
assays over a period of 4 to 5 months on frozen 
samples (50°C) indicated no changes in con- 
centration or activity values. 

Statistical analyses of data between groups 
were generated using the nonpaired t test for 
the significance of difference between means. 


Results 

Patients with abdominal aortic aneurysm (n = 
103) were significantly older than patients with 
Leriche’s syndrome (n = 335) (62 + 11 vs 57 +7 
years; p < 0.001). They were also heavier (75.5 
+ 11.4 vs 70.5 + 11.8 kg; p <.0.001) and taller 
(178 + 7 vs 175 + 15 cm; p < 0.01). Mean white 
blood cell concentrations. were the same (8.7 x 
10mm’) for both groups but differed signifi- 
cantly (p < 0.001) from normal values (6.7 x 
10°/mm’). A high percentage of each group 
admitted to heavy smoking, with a greater in- 
cidence among patients with Leriche’s syn- 


drome (96% [322 patients] vs 84% [86 pa- 
tients]). However, the incidence of chronic 
obstructive pulmonary disease was, if any- 
thing, higher in the aortic aneurysm group 
(38% [39 patients] vs 32% [107 patients]), as 
was coronary artery disease (47% [48 patients] 
vs 35% [117 patients]) and hypertension (34% 
[35 patients] vs 14% [47 patients]). Diabetes 
(12% [40 patients] vs 5% [5 patients]) and al- 
coholism (21% [70 patients] vs 11% [11 pa- 
tients]) were more prevalent in the patients 
with Leriche’s syndrome. 

Emergency aneurysmectomy (n = 8) resulted 
in a high 30-day mortality (50%). Nine patients 
undergoing elective aneurysmectomy died 
(9.5%), a figure distinctly higher than the 1% (4 
of 335) mortality in the Leriche’s syndrome 
group. Most of these operative deaths were 
from coronary artery disease; 2 patients sus- 
tained a pulmonary embolism. Later mortality 
was higher in the group with Leriche’s syn- 
drome (Fig 1), so that eventually the total figure 
equaled that for the aortic aneurysm group. 
Subsequent vascular operations, including am- 
putations, were more common in the Leriche’s 
syndrome group (Fig 2). 

A total of 85 men, 30 with abdominal aor- 
tic aneurysm (22 smokers), 26 with Leriche’s 
syndrome (all smokers), and 29 controls (medi- 
cal staff volunteers, 19 smokers) were assayed 
for serum elastolytic and antiproteolytic activity 
(Table 1). These individuals had been screened 
for a,-antiprotease phenotype, and only those 
with MM phenotypes were investigated. The 
average age of the controls (51.9 years) was in 
the sixth decade. The group with Leriche’s syn- 
drome (60 years) was somewhat older, and pa- 
tients with aneurysm were significantly older 
(65.8 years, p < 0.05). 

The highest serum elastolytic activities were 
measured in patients with aneurysm who 
smoked. These patients had a significantly ele- 
vated white blood cell count. However, even 
though the men with Leriche’s syndrome 
smoked heavily and had a similar leukocytosis, 
the elastolytic activities were no different from 
controls. We did not observe any significant 
differences in the concentrations of a;-protease 
inhibitors in our various groups. Serum a,- 
macroglobulin levels fluctuated, but were 
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Fig 1. Operative, short-term, and long-term mortality 
in patients with Leriche’s syndrome and in those with 
abdominal aortic aneurysm (AAA). 
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Fig 2. Time of subsequent vascular surgery (Sub Surg), 
including amputations (Amps) among patients surgi- 
cally treated for Leriche’s syndrome or abdominal aortic 
aneurysm (AAA). 


Table 1. Serum Elastolytic Activity 


d 


within the normal range, as were total serum 
protein concentrations. i 

Analysis of the elastolytic activity of leuko- 
cytic granules revealed a significant increase in 
patients who had aneurysm and who smoked 
when compared with any other category 
studied (Table 2). Table 3 demonstrates that 
when a group of patients with aneurysm was 
compared with control nonsmokers, a signif- 
icant difference was seen in serum trypsin 
inhibitory capacity between patients who 
smoked and control nonsmokers, but not be- 
tween patients who did not smoke and control 
nonsmokers. 


Comment 

The presence of an abdominal aortic aneurysm 
is considered proof of severe atherosclerosis 
[16]. Nevertheless, when the abdominal aorta is 
affected by this disease, it is not understood 
why some patients with atherosclerosis are 
seen with dilatation while others have stenosis 
[17]. Patients with aneurysm have been shown, 
as a group, to be different from those with Leri- 
che’s syndrome [18, 19]. They are more likely 
to have a positive family history of aneurysms, 
arteriomegaly, and be male, tall, and old [20]. 
Runoff into the legs is better and, therefore, 
subsequent vascular procedures are rarely re- 
quired [21]. These clinical differences have 
been confirmed by our data. Further, as pre- 
dicted [22], collagenase has been found in 
aneurysmal wall, especially from large or rup- 
tured aneurysms, but not in the aorta of pa- 


No. of Age WBC 
Category Patients (yr) (x10°/mm?) Activity? 
Abdominal aneurysm 
(n=30) 

Smoker 22 65.9 + 8.9 9.26 + 3.19 104.0 + 13.9° 

Nonsmoker 8 65.6 + 3.9 8.36 + 3.73 94.9 + 13.1 
Leriche’s syndrome 26 60.0 + 6.8 9.16 + 3.29 89.3 + 9.4 
Control (n=29) 

Smoker 19 51.4 + 15.2 7.87 + 1.94 102.8 + 18.5 

Nonsmoker 10 52.8 + 14.3 6.75 + 2.62 83.3 + 5.7 


*Expressed as ug/ml of pancreatic elastase activity. 
dy < 0.01 versus control nonsmokers. 


p < 0.05 versus control nonsmokers and Leriche’s syndrome patients; p < 0.10 versus nonsmokers with aneurysm. 


WBC = white blood cell count. 
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Table 2. Polymorphonuclear Leukocyte Lysosomal Elastolytic Activity 


paana 








No. of WBC 

Category Patients (X10%/mm*) Activity? 
Abdominal aneurysm (n= 14) 

Smokers 11 8.9? 2.509 

Nonsmokers 3 7.7 0.591° 
Leriche’s syndrome 12 8.7» 0.262° 
Control nonsmokers 4 6.5 0.854° 
"Expressed as units of pancreatic elastase activity per mg cf protein. 
Þp < 0.02 versus control nonsmokers. 
*p < 0.02 versus smokers with abdominal aneurysm. 
Table 3. Serum Trypsin Inhibitory Capacity in Patients with Abdominal Aneurysms 

No. of 

Category Patients STIC + SD# p Value 
Smokers 6 0.622 + 0.195 <0.1° 
Nonsmokers 5 1.055 + 0.561 NS 
Control nonsmokers 6 0.907 + 0.077 


'Milligrams of trypsin inhibited per ml of serum. 
by < 0.20 versus nonsmoking patients with aneurysm. 


STIC = serum trypsin inhibitory capacity; SD = standard deviation; NS = not significant. 


tients with Leriche’s syndrome [23]. Since this 
enzyme was not present in the rectus fascia, it 
was thought to arise locally. Elastase had been 
reported to occur in the aorta of human beings 
and animals, its concentration increasing with 
age and degree of atherosclerosis [24, 25]. This 
finding is obviously important since, according 
to Sandberg and colleagues [26], “the athero- 
sclerotic plaque is always associated with a 
loss of connective tissue, particularly elastic 
tissue. It is possible that this loss of elastic tis- 
sue itself sets the stage for the formation of the 
complicated calcified advanced atherosclerotic 
lesion.” The present studies reveal biochemical 
differences between patients with aneurysm 
and those with Leriche’s syndrome. The former 
have a significantly elevated serum elastolytic 
activity. This is most evident for the smoking 
population of those patients but also holds 
to a lesser degree for the nonsmokers. It is rare 
to find a patient with an abdominal aortic aneu- 
rysm who does not admit to smoking. We did 
not verify the smoking questionnaire by serum 
thiocyanate or carboxyhemoglobin assay. 

It would appear that in patients with ab- 
dominal aortic aneurysm, the systemic balance 
between proteolytic and antiproteolytic activity 


has been disrupted, resulting in a net increase 
in circulating proteolytic activity. One explana- 
tion for this would be that aneurysm of the 
aorta is associated with a deficiency of anti- 
protease content. However, this condition has 
been reported only as a congenital defect [27] 
and is ruled out in this study, as patients were 
screened for a,-antiprotease phenotype, and 
plasma a,-antiprotease concentrations were 
normal. Another possibility is that even though 
the concentration and phenotype of the œr 
protease inhibitor is normal, its antiproteolytic 
capacity is not. This phenomenon, despite ear- 
lier work to the contrary [28, 29], has been de- 
scribed by us [6] and others [7, 30] in cigarette 
smokers with or without signs of emphysema. 
It has been explained by the oxidation of 
methionine residues in a,-protease inhibitors 
by smoke oxidants [31]. In addition, oxidation 
by leukocyte myeloperoxidase [8, 32] of a,- 
protease inhibitor has been described. These 
mechanisms may apply to patients with ab- 
dominal aortic aneurysm. Circulating white 
cells were increased in both the Leriche syn- 
drome and aneurysm groups, presumably re- 
lated to smoking [33]. In the patients with 
aneurysm, granulocyte lysosymal content of 
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elastase was markedly elevated but only in 
those who smoked. These cells must be consid- 
ered, at this time, as the source of the circulat- 
ing elastolytic activity, since remaining smooth 
muscle cells in the aneurysmal wall would be 
too few to maintain uninhibited blood elastase 
activity throughout the circulatory system. 
Although smoking is known to accentuate 
atherosclerosis, especially in the abdominal 
aorta [34], the patients with Leriche’s syndrome 
smoked as much or more than those with 
aneurysm, yet changes in polymorphonuclear 
leukocyte elastolytic activity were not observed. 
This is an important finding, since it indicates a 
- differential response to the effects of smoking 
in patients with abdominal aortic aneurysm, 
perhaps resulting from genetic factors. The pos- 
sible role of individual variation of leukocytic 
elastase concentration as a precipitating factor 
in pulmonary emphysema was presented by 
Lieberman [35] and subsequently confirmed by 
a number of investigators [36-38]. In 1979, Ab- 
boud and associates [39] found some but not all 
patients with chronic obstructive pulmonary 
disease to have elevated elastase in polymor- 
phonuclear leukocyte granules. Smoking alone 
(without evidence of pulmonary damage) did 
not alter leukocyte protease concentrations de- 
spite leukocytosis. Their work raises again the 
possibility of genetic variation in an indi- 
vidual’s response to smoking. Heightened 
lysosymal enzymatic activity in response to 
smoking would predispose to lung disease and 
aneurysms, rather than being an acquired re- 
sponse to it. 

Despite data in the present and other studies 
documenting increased blood proteolytic activ- 
ity stimulated by smoking, there has never 
been any evidence that human beings can re- 
spond with higher serum antitrypsin levels 
[40]. However, danazol, an androgen, can arti- 
ficially stimulate serum o,-antiprotease concen- 
tration and trypsin inhibitory capacity [41]. 
Synthetic chloromethyl ketone elastase inhib- 
itor has also been given orally to reduce expe- 
rimental proteolysis [42]. In the future, these 
agents may be used to prevent further dilata- 
tion and rupture of recently diagnosed small 
aneurysms, especially if increased serum and 
white cell elastolytic activity is identified. The 
development of aneurysms in some but not all 


patients with arteriosclerosis would appear to 
be related to a decreased capacity to maintain 
normal homeostasis between proteolytic and 
antiproteolytic activity. Smoking is not the 
single causative factor, since aneurysms do not 
develop in all smokers with arteriosclerosis, nor 
do all patients with aneurysm smoke. Thus, 
aneurysm of the abdominal aorta develops not 
only from hydrodynamic and structural factors 
abetted by aging, but also because elastin and 
possibly collagen, the main supporting proteins 
in the aortic wall, are slowly digested by unin- 
hibited blood proteolytic activity released from 
leukocyte stores in response to either smoking 
or unknown familial constitutional factors. 
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Porcine Cardiac Xenograft Valves: | 
Analysis of Survival, Valve Failure, and Explantation 
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David K. Bone, M.D., Charles R. Hatcher, Jr., M.D., and Michael Kandrach, P.A. 


ABSTRACT Porcine cardiac xenografts were used 
for cardiac valve replacement in 1,093 patients. Hos- 
pital mortality for aortic valve replacement (AVR) 
was 3.7%; for mitral valve replacement (MVR), 
7.8%; and for AVR + MVR, 4.7%. Total follow-up 
was 2,036 patient-years; maximum, 7.3 years; and 
mean, 1.89 years. Actuarial survival (+ standard 
error of the mean) for AVR was 84% + 2% at 56 
months; for MVR, 84% + 3% at 56 months; and for 
AVR + MVR, 86% + 4% at 30 months. Nonfatal 
thromboembolism occurred in 8 of 1,030 patients 
(0.78%). Anticoagulation was not routinely em- 
ployed. 

Fifty hospital survivors (4.8%) experienced valve 
dysfunction; 18 of the survivors (1.7%) died; and 32 
of the survivors (3.1%) underwent reoperation. The 
rate of dysfunction increased slowly until the sixth 
year when an increased rate was observed (p < 
0.0001). Patients less than 34 years old had a higher 
incidence of dysfunction (p < 0.01). Thirty-two 
hospital survivors (3.1%) underwent explantation of 
the porcine valve for late dysfunction. Valve dys- 
function secondary to endocarditis and paravalvular 
leak occurred early, while leaflet deterioration or 
thrombosis was more gradual in onset and was noted 
later. 

The porcine valve has functioned well for 1 to 7 
years with a low incidence of valve related morbidity 
and mortality without routine anticoagulation in pa- 
tients older than 34 years of age. 


Dissatisfaction with the morbidity and mortal- 
ity associated with the anticoagulation needed 
after cardiac valve replacement with mechanical 
prostheses led to an eager acceptance and wide 
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clinical usage of the glutaraldehyde-preserved 
porcine xenografts. The low thromboembolic 
rate of these valves has eliminated the need for 
long-term anticoagulation for many patients 
and has proved to be a major advantage [1-6]. 

Hemodynamic assessment has shown that 
the porcine valves perform satisfactorily in the 
mitral, aortic, and tricuspid positions [7-12]. 
Modification of the aortic xenograft (Hancock 
HMO-250) reduced the unacceptably high pres- 
sure gradient that had been observed particu- 
larly when smaller size (< 25 mm) aortic bio- 
prostheses were used in larger patients [11-14]. 
However, the tendency of the porcine xenograft 
to calcify, become stenosed, and fail early when 
implanted in younger patients and patients 
with renal failure has proved to be a major dis- 
advantage [15-18]. 

The long-term clinical durability of the por- 
cine xenograft bioprosthesis in adult patients 
beyond 6 years of implantation has been re- 
ported for a relatively small number of patients 
and thus is not known [1, 3, 19-21]. This report 
presents our experience with 1,093 consecutive 
patients who received porcine xenografts, and 
analyzes patient survival, etiology of valve fail- 
ure, and results of explantation. 


Materials and Methods 
Between May, 1974, and July 1, 1981, 1,093 pa- 
tients underwent cardiac valve replacement 
with porcine cardiac xenografts at Emory Uni- 
versity Hospital. This represents 92% of total 
cardiac valve replacements at the hospital dur- 
ing that period. Of the 1,093 valve replace- 
ments, 1,012 were Hancock bioprostheses and 
81 were Carpentier-Edwards bioprostheses. 
The Carpentier-Edwards valve was first used at 
Emory University Hospital in October, 1978. 
The average age of the patient population 
was 54.9 years (range, 6 to 84 years). Six 
hundred eighteen (56.5%) were male patients. 
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There were 567 patients who had aortic valve 
replacement (AVR); 423, mitral valve replace- 
ment (MVR); and 85, combined aortic valve and 
mitral valve replacement (AVR + MVR). Eigh- 
teen patients had other multiple-valve or sin- 
gle tricuspid valve replacements. Concomitant 
coronary artery bypass grafting (CABG) was 
performed in 137 patients having AVR, 71 pa- 
tients having MVR, and 8 patients having com- 
bined AVR + MVR. Total follow-up was 2,036 
patient-years with a mean follow-up of 1.89 
years and a maximum of 7.3 years. 


Surgical Technique 

The technique of valve implantation did not 
change during the period of study except that 
ischemic arrest with hypothermic hyperkalemic 
cardioplegia was substituted for coronary per- 
fusion in 1976. Cardiopulmonary bypass with 
aortic arterial and two atrial venous cannulas 
and systemic hypothermia to 28°C is routine 
at our institution [8]. 


Anticoagulation 

Anticoagulation was not routinely instituted, 
although 7% (40 patients) of the AVR group and 
28% (118 patients) with porcine mitral valves 
are currently anticoagulated at the discretion of 
their cardiologist. The patients with MVR anda 
history of atrial fibrillation, large left atrium, or 
prior atrial thrombus are regularly anticoagu- 
lated because of the increased risk of throm- 
boembolism [22, 23]. 

Follow-up Method 

Complete follow-up was obtained by patient 
contact, report from the family physician, car- 
diologist, or surgeon, or from chart review. The 
information was recorded in the Emory Univer- 
sity Cardiovascular Computer Data Bank facil- 
ity. Analysis of the data and statistical assess- 
ment were then performed with the assistance 
of the staff of this facility. 

Results of patient survival are reported by the 
actuarial method [24]. Comparison of the survi- 
val curves of different subgroups was done 
using the method of Lee and Desu [25]. The 
analysis of the differences between the fre- 
quency tables was done using chi-squared 
analysis [25]. 
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Fig 1. Overall actuarial survival curves observed for 
patients who had aortic valve replacement (AVR), mi- 
tral valve replacement (MVR), both aortic and mitral 
valve replacement (AVR + MVR), and AVR + coro- 
nary artery bypass procedure (AVR + CAB). (N= 
number of patients at risk at last point of statistical sig- 
nificance.) 


Results 

Survival 

Hospital mortality for porcine xenograft valve 
replacement was 5.8% overall (63 of 1,093). For 
isolated AVR, hospital mortality was 2.6% (11 
of 430); for isolated MVR 5.7% (20 of 352); and 
5.2% (4 of 77) for isolated AVR + MVR. The 
actuarial survival (+ standard error of the 
mean [SEM]) was 84% + 2% at 56 months for 
AVR; 84% + 3% for MVR at 56 months; and 
36% + 4% for AVR + MVR at 30 months (Fig 1). 
While the hospital mortality for patients having 
concomitant CABG with AVR was higher 
(7.3%, 10 of 137), there was no significant dif- 
ference in the actuarial long-term survival for 
AVR + CABG compared with AVR alone. With 
MVR + CABG, there was both a higher hospital 
mortality, 18.3% (13 of 71) and a poorer actua- 
rial survival when compared with MVR alone (p 
< 0.0001). 


Thromboembolism 

Nonfatal thromboembolism occurred in 8 of the 
1,030 hospital survivors (0.78%). Of these 8 pa- 
tients, 5 had mitral valve xenografts and 3 had 
aortic valve xenografts. None were anticoagu- 
lated at the time of thromboembolism. There 
were 3 late deaths thought to be related to valve 
thromboembolism. 
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Xenograft Explantation: Etiology, Incidence, 
and Mortality among 1,030 Patients 


Reop 
No. of Mortality? 
Etiology Patients Incidence (%) 
Endocarditis 8 0.8 2/8 (25) 
- Thrombosis 4 0.4 _ 1/4 (25) 

Stenosis - 7 0.7 0/7 (0) 
Primary tissue 10 0.97 0/10 (0) 

failure 
Paravalvular 3 0.3 1/3 (33) 

leak 

Total 32 4/32 (12) 


` @Numbers in parentheses are percents. 


Valve Dysfunction 

Valve dysfunction defined as endocarditis, 
stenosis, primary tissue failure, thrombosis, or 
paravalvular leak occurred in 4.8% (50) of hos- 
pital survivors. Eighteen of the 50 patients 
died, and 32 underwent reoperation. The hos- 
pital mortality for reoperation was 12.5% over- 
all. Etiology, incidence of reoperation, and re- 
operative mortality are presented in the Table. 

Xenograft durability was not affected by the 
position of implantation (Fig 2). The actuarial 
probability (+ SEM) of remaining free from 
valve dysfunction was 94% + 3% for AVR at 54 
months; 92% + 3% for MVR at 54 months; and 
98% + 3% at 30 months for AVR + MVR. These 
curves were not significantly different. 

The rate of valve failure increased slowly 
until the sixth year when an increased rate was 
_ observed; this increase was statistically sig- 
nificant (p < 0.0001) (Fig 3). Valve failure from 
endocarditis and paravalvular leak occurred 
early (mean, 4 months). Valve failure secondary 
to stenosis, leaflet deterioration, or thrombosis 
was more gradual in onset and occurred later 
(mean, 40 months). The primary tissue failure 
rate was 0.5% per patient-year. 

Patient age at the time of valve implantation 
did have an effect on xenograft deterioration. 
The incidence of valve dysfunction and failure 
was higher in patients less than 15 years of age 
(1 of 9 or 11%) and patients 15 to 34 years of age 
(13 of 102 or 13%) than for patients more than 34 
years of age (27 of 919 or 2.9%) (p < 0.01). This 
adverse effect of age at implantation on xeno- 
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Fig 2. Actuarial curves reflecting the freedom from 
valve failure for patients older than 34 years at time of 
implantation having aortic valve replacement, mitral 
valve replacement, or combined aortic and mitral valve 
replacement. 
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Fig 3. Incidence cf valve dysfunction by year of initial 
implantation (p < 0.0001). 
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Fig 4. Actuarial curves reflecting the effect of patient 
age at implantation on freedom from xenograft failure. 
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graft durability is expressed as actuarial curves 
in Figure 4 (p < 0.01). 


Etiology of Late Deaths 

There have been 91 late deaths (8.8%) among 
the hospital survivors. Forty-seven of the 567 
patients who underwent AVR have died late 
(8.3%). Nine (19%) were valve-related deaths; 
15 (32%) were due to myocardial failure; 17 
(36%) were noncardiac in etiology; and in 6 
(13%) the cause was unknown. There were 36 
late deaths among the 423 patients who had 
MVR (5.5%). Six (17%) were related to valve 
failure; 13 (36%) were due to myocardial fail- 
ure; 13 (36%) were noncardiac in origin; and 4 
(11%) were due to unknown causes. Among the 
85 patients who had AVR + MVR, there were 8 
late deaths (9.4%). Three were valve related 
(37%), 3 were due to myocardial failure 37%), 
and 1 death each occurred in the noncardiac 
and unknown classification (12%). 


Comment 

Our results of porcine xenograft valve implan- 
tation, the long-term survival statistics, and 
valve durability are in accordance with data 
from other centers [1, 3, 17, 20]. Our results 
confirm that the porcine valve xenograft expe- 
riences a low rate of thromboembolic phenom- 
ena without routine anticoagulation [1, 6, 17, 
21-23]. The incidence of thromboembolism in 
this series—8 of 1,030 patients (0.78%) or 
0.34% per patient-year—is lower than in other 
series and may be related to the fact that a small 
percentage of our patients are on long-term an- 
ticoagulation (7% of patients having AVR and 
28%, MVR). Routine anticoagulation for the 
first 3 months has not been employed at Emory. 
Currently all patients having MVR and a history 
of atrial fibrillation are now anticoagulated in- 


‘definitely. Other indications for anticoagula- 


tion include a history of embolic phenomena 
or large left atrium, and implantation of both 
a porcine and a mechanical valve. 

The long-term durability of porcine cardiac 
xenograft valves is being assessed. Experimen- 
tal bench accelerated fatigue studies suggested 
that porcine xenografts were likely to undergo 


early mechanical failure [26, 27]. Clinically, 
however, this has not proved to be the case. 
Several intermediate-term reports have attested 
to the satisfactory performance and durability 
of porcine valves at a 1-year to 7-year interval [1, 
3, 4, 17, 19-21]. The data in our series confirm 
these findings. The overall rate of valve failure 
for hospital survivors was 4.8% with a total 
patient follow-up of 2,036 patient-years. This 
gives a total valve failure rate of 2.4% per 
patient-year for the entire series. When only 
patients older than 34 years are considered, the 
incidence of valve failure is 1.3% per patient- 
year. The most common causes for valve failure 
were primary tissue failure, endocarditis, and 
stenosis. The combined incidence of valve 
dysfunction due to primary tissue failure and 
leaflet stenosis was 0.8% per patient-year for 
the entire series. The actuarial survival curves 
and rates of valve dysfunction compare favor- 
ably with those reported for mechanical valves 
[28, 29]. The increased rate of dysfunction after 
6 years in our series is disconcerting, but has 
not been a universal finding from other insti- 
tutions. Longer interval observation will be 
needed to compare durability of bioprosthetic 
valves with mechanical prostheses. 

Our experience demonstrated an increased 
rate of xenograft dysfunction due to early cal- 
cification and stenosis in patients less than 35 
years old. The reason is unclear. It has been 
suggested that this may be on the basis of im- 
munological reaction or continued growth 
hormone activity [15, 16, 18]. We now avoid the 
use of porcine valves in patients less than 35 
years of age whenever possible. 

It has been suggested that porcine xenografts 
may be more resistant to postoperative bac- 
teremias and that endocarditis involving these 
bioprostheses may be treated with a more 
favorable outcome [17, 30]. We observed an in- 
cidence of prosthetic endocarditis of 0.7% per 
patient-year. Eight patients underwent reoper- 
ation for explantation and replacement of an 
acutely infected xenograft valve with an opera- 
tive mortality of 25% (2 of 8). Timing of valve 
explantation for acute infective endocarditis 
was dictated by the patient’s hemodynamic 
stability. We prefer to identify the offending 
organism and allow six weeks of appropriate 
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antibiotic therapy administered intravenously 
before explantation. This frequently was not 
possible. There was an associated increased 
mortality when emergency valve explantation 
and replacement was carried out in the pres- 
ence of acute infection and positive intraopera- 
tive cultures (2 of 4 or 50%). 

Xenograft valves have the advantage of not 
failing in a catastrophic manner [1, 3, 21, 30, 
31]. The development of valve dysfunction in 
our series was a gradual process, in general. In 
most instances, this allowed time for detection, 
documentation, and elective explantation. Ex- 
plantation for hemodynamic dysfunction of 
an uninfected xenograft was performed in 24 


of 1,030 hospital survivors (2.3%). Operative ` 


mortality was 8.2% (2 of 24), both deaths re- 
sulting from perioperative stroke. Operative 
risk for prosthetic explantation and replacement 
in this setting closely parallels that for initial 
valve replacement. This stands in marked con- 
trast to our experience with the mode of failure 
of mechanical prostheses, in which malfunction 
often develops suddenly, with resultant pro- 
found hemodynamic deterioration. Emergency 
valve replacement in that setting carries a 50% 
mortality in our hospital.* Early reoperation is 
advisable, where indicated, to correct hemo- 
dynamic xenograft dysfunction if thrombosis, 
embolic phenomenon, or advanced ventricular 
failure are to be avoided, and has been asso- 
ciated with a more favorable long-term progno- 
sis [31]. 


*Craver JM et al: Unpublished data, 1981. 
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Important Notice from the Southern Thoracic Surgical Association 
Change of 1982 Annual Meeting Dates and Location 


The cruise scheduled for the Twenty-ninth An- 
nual Meeting of the Southern Thoracic Surgical 
Association has been canceled because a suffi- 
cient number of reservations by members was 
not received. The meeting has been resched- 
uled for Nov 4-6, 1982, at the Hyatt on Hilton 
Head Island, Hilton Head Island, SC. This is a 
week earlier than the dates of the cruise. 
There will be a $100 registration fee for non- 
member physicians except for guest speakers, 
authors and co-authors on the program, and 
residents. Members wishing to participate in 
the scientific program should submit abstracts 
in triplicate, by May 15, 1982, to James S. 
Donahoo, M.D., The Johns Hopkins Hospital, 
601 N Broadway-Blalock 605, Baltimore, MD 


21205. Abstracts should be double-spaced on 
one side of one sheet of paper, with a 1-inch left 
margin, and limited to 200 words. All slides 
used during the presentation must be 35 mm. 
The abstract must list a member as a co-author. 
Manuscripts of accepted papers must be sub- 
mitted to The Annals of Thoracic Surgery by Oct 
15, 1982. 

Applications for membership should be 
completed by Sept 1, 1982, and forwarded to W. 
Benson McCutcheon, Jr., M.D., Durham Clinic, 
1830 Hillandale Rd, Durham, NC 27705. 


Richard B. McElvein, M.D. 
Secretary-Treasurer 


The Clinical Life History 


of Explanted Prosthetic Heart Valves 
John P. Marbarger, Jr., M.D., and Richard E. Clark, M.D. 


ABSTRACT This report analyzes 118 prosthetic 
heart valves obtained from 97 patients at reoperation 
(96) or at postmortem examination (22). The number 
obtained from the mitral, aortic, and tricuspid posi- 
tions were 78, 32, and 8, respectively. Duration of 
implant ranged from one day to 12.3 years. Valves 
showing the least long-term wear were the Starr- 
Edwards metal strut—silicone ball and the Björk- 
Shiley. Moderate long-term durability was provided 
by the Beall and Starr-Edwards cloth-covered 
composite-seat prostheses while short-term durabil- 
ity was given by Hancock and Carpentier valves. 
Reoperation for valve-related causes was performed 
for 46 of 47 Beall valves, which demonstrated 
stenosis, hemolysis, and incompetence from compo- 
nent wear, 6 of 27 Bjérk-Shiley prostheses for valve 
thrombosis or thromboembolism or both, and 11 of 
17 porcine prostheses because of calcification (4) or 
cusp perforation or rupture. Analyses of wear and 
fatigue of mechanical valves demonstrated that use 
of ultrahard materials (pyrolyte carbon, titanium, 
stellite 21) provided superior durability in contrast to 
polymeric solids or fabrics with poor abrasion and 
‘impact characteristics. Further, cloth and disc wear 
were evident as early as 0.5 year after implant and 
appeared to be complete by 4 years. Completeness of 
‘healing after 24 months was not related to the type of 
fabric material used or its construction. 
` This study suggests that mechanical valves made 
from hard materials have long durability when 
properly implanted and require fastidious pro- 
phylaxis against infection and thromboembo- 
lism. The findings of early cusp perforation or 
rupture in the aortic position and leaflet calcifica- 
tion, stiffening, or disruption in the mitral position 
for porcine prostheses suggest that frequent and 
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careful examinations of patients with these pros- 
theses are required to detect early signs of stenosis 
or incompetence and that early reoperation is re- 
quired before catastrophic valve failure necessi- 
tates emergency prosthetic valve replacement. 


Study of the clinical histories of prosthetic heart 
valves and the findings at explantation of these 
valves has been a valuable method of assess- 
ment of valve design and material selection 
with respect to long-term durability, hemody- 
namic function, and thromboembolism. 
The acquisition of a large collection of ex- 
planted prosthetic valves has been difficult 
because of the individual interests of man- 
ufacturers, surgeons, and pathologists. We have 
retrieved 118 valves over an 8-year period and 
have catalogued, examined, and related each 
valve to the clinical and antemortem or reoper- 
ative findings. This series is composed of five 
different mechanical valves and three different 
tissue valves, and reflects the findings of valves 
explanted at one center. Most valves are 
currently in use; two have been removed from 
the market. We acknowledge that there are 
numerous types of valves that have been 
explanted or retrieved in other centers and are 
not represented in this series. The purpose of 
this study was to make observations from an 
extensive collection of explanted valves and 
collate the findings to gain perspective on the 
relative influences of valve design, material 
fatigue and wear, and valve-tissue interactions 
as a function of duration of implant. Although 
detailed descriptions of wear of individual 


valve types have been presented in numerous 


reports by others [1-15], no collective review of 
a large series from one institution representing 
a consecutive and cumulative experience has 
been presented. This series provides a wide 
spectrum of pathological findings related to 
specific patterns of prosthetic valve wear for 
specific valve models. No conclusions as to the 
probability of failure of a given valve type can 
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be inferred from this study, but the results pro- 
vide cautious optimism for the future of a few 
prostheses and suggest the need for improved 
diligence and follow-up for others. 


Methods 

From 1974 through 1981, 118 prosthetic heart 
valves were obtained from 97 patients. The 
valves were retrieved at reoperation (n = 96) or 
postmortem examination (n = 22) at Barnes 


Hospital. The valves removed at reoperation ` 


were placed in sterile saline solution and refrig- 
erated at 4°C. In most instances, 35 mm color 
transparencies, a minimum of three views, 
were made within 24 hours after operation. 
Details of the pathological findings and abnor- 
malities in the valve were recorded with high- 
resolution close-ups. Valves were then placed in 
individual labeled containers and preserved in 
10% formaldehyde. A registry was compiled, 
which included valve identification (model 
and manufacturer), ‘date of implantation, date 
of explantation, duration of implant, valve po- 
sition (annular, subannular, and supraannular), 
and explanting surgeon. Patient data and clini- 
cal events leading to the procurement of the 
valves were catalogued and included age, sex, 
anticoagulation status, indications for reopera- 
tion, operative reports, a brief clinical history 
of events prior to death, and findings at post- 
mortem examination. l 

All valves were examined by both of us. They 
were separated into mechanical and biopros- 
thetic categories. Mechanical valves were an- 
alyzed in terms of three components: occlud- 
ers, supporting struts, and seats. Bioprosthetic 
valves were examined in terms of tissue leaflets, 
struts, and sewing collars. Each valve was 
examined under two- to three-power mag- 
nification under maximal lighting conditions 
and in dry and wet states to study surface re- 
flections and base reliefs. All measurements 
were made with a micrometer, which was accu- 
rate to + 0.1 mm. Measurements of mechanical 
prostheses included occluder diameter (ball 
occluders), thickness, maximum diameter, 
minimum diameter (disc occluders), minimal 
inner orifice of seat, and minimal flow orifice 
diameter. Occluder mobility was measured in 
millimeters of travel (disc, balls) or in degrees 


for tilting-disc valves. Any occluder obstruction 
and its etiology (clot, tissue, or wear) was 
noted. 

Bioprosthetic valves were evaluated for leaflet 
calcification, stiffness, aperture area, and perfo- 
ration. Observations of locations, size and ex- 
tent of perforations, tears, and calcification 
were made. Measurements between struts or 
stents were taken to evaluate creep of the com- 
missural struts. 

Table 1 identifies the valve components and 
materials of each of the valves retrieved. Table 2 
classifies the grading scheme for evaluating 
valve wear for each of the three mechanical 
valve components: occluders, strut, and seat. 
Loss of the occluder mass was evaluated by 
three measurements: thickness of the disc 
occluder, depth of nicking, and diameter of the 
occluder. Flattening of the disc occluder indi- 
cated the loss of the lenticular shape and re- 
sulted from impact of the occluder on the valve 
seat (Fig 1). Nicking and scalloping indicated 
wear of a disc occluder from abrasion or shear 
against the valve struts of the cage (Fig 2). Loss 
of the occluder edge reflected occluder-strut 
contact. Wear of coverings of the cage struts 
was reflected in the loss of material mass (Fig 
3A). Seat wear resulted from the impact of the 
occluder on the base of the valve housing ring 
(Fig 3B). An assessment of the total wear of 
each valve was computed as a cumulative index 
consisting of determination and summation of 
wear of each of the mechanical valve compo- 
nents. Total valve wear was then graded as 
none, mild, moderate, or severe for cumulative 
indexes of 0, 1-4, 5-7, and 8-12, respectively. 
Table 3 demonstrates the grading scheme used 
for bioprosthetic valves. An analogous cumu- 
lative wear index for these valves was formu- 
lated. : 

The tissue attached to the prosthetic sewing 
ccllar was evaluated in terms of the ability to 
separate the tissue from the fabric of the sewing 
ring. Additionally, the quality of the blood- 
contacting surfaces was determined. The adher- 
ent tissue was incised with a knife and sepa- 
rated from the sewing collar with tissue forceps 
and clamps. The grading system used for tissue 
adherence was defined as follows: 0 = no 
growth (newly implanted valves); 1 = tissue 
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Table 1. Prosthetic Valve Components and Materials. 


Valve 


MECHANICAL 


Beall 
103,104 


105, 106 


Starr-Edwards 
1200 & 6000 
series 


2300 series 


Björk-Shiley 


DeBakey 
Aortic 


Mitral 


St. Jude 


TISSUE 


Carpentier- 
Edwards 


Hancock 


Ionescu-Shiley 





Occluder 


Lenticular, com- 
pressed PTFE 
resin 


Lenticular, Pyro- 
lyte carbon 


Silicone rubber 
ball 


Hollow stellite 21 
ball 


Delrin disc and 
pyrolyte carbon 
disc 


Carbon-coated 
titanium hollow 
ball 


Delrin disc 


Pyrolyte carbon 
hemileaflets 


Trileaflet porcine 
aortic valve 


Bovine pericar- 
dium wrap of 
coronal stent 


PTFE = Polytetrafluoroethylene 


1 


Struts 


PTFE-coated 
titanium struts 


Pyrożyte carbon- 
coated titanium 
struts 


Stellite 21 


PTFE and 


polypropy- 
lene--covered 
stellite 21 


Titanium 


Titanium 


Titanium 


Eligiloy wire 


Polypropylene 


Titanium 


Seat 


Polyester velour 
over sponge 


Polyester velour 
-< over sponge 


Stellite 21 


Composite stellite 
21 studs with 
orifice covered 
with fabric 

Titanium 


Titanium 


Titanium 


Pyrolyte carbon 
housing ring 


Collar 


Polyester velour 


Polyester velour 


PTFE woven fab- 
ric over sponge 
flange 


PTFE woven fab- 
ric over sponge 


PTFE woven fab- 
ric 


Polyester woven 
fabric 


Polyester woven 
fabric 


Polyester velour 


. Aortic = 


narrow PTFE 
band 

Mitral = 
knitted PTFE 
collar over 
sponge 


Broad PTFE fabric 
over sponge 


PTFE fabric 


Components 
Found Worn 


Polyester velour- 
covered seat, 
PTFE occluder, 
PTFE-coated 
struts 


Cracked strut 


Ball discoloriza- 
tion with sur- 
face imperfec- 
tions, strut 
flattening 

Cloth fraying at 
seat and on 
struts 


None observed 


None observed 


None observed 


None observed 


Leaflet calcifica- 
tions at 
commissure- 
leaflet holes and 
tears at free 
edge and at 
base of leaflet 


Leaflet tear at 
commissure 
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Table 2. Grading Scheme for Evaluating Valve Wear for Mechanical Valve Components 








Grade Disc Wear Strut Wear Seat Wear 

0 No wear No wear No wear 

1 Flat edge of disc preserved Strut coating or fabric worn but Minimal cloth flattening with- 
and/or slight (< 1 mm in remains covering metal out fragmentation or 
depth) nicking disruption of seat 

2 Flat edge of disc preserved Strut coating or fabric worn, Less than half of seat covering 
and/or scalloping or nicking exposing metal on 1 or 2 fragmented, exposing metal 
> 1 mm in depth struts 

3 Loss of flat edge of disc Strut coating or fabric worn, More than half of seat covering 

exposing metal on all struts fragmented, exposing metal 

4 Loss of flat edge (misshapen) Strut coating or fabric absent No covering remaining and/or 
and scalloping or nicking > 1 and/or detached from strut metal wear 
mm in depth and/or metal wear 





peeled from fabric without difficulty; 2 = mild 
difficulty in peeling away tissue; 3 = fragmen- 
tation of fabric on separation; and 4 = separa- 
tion not possible. The characteristics of the en- 
dothelium as related to the atrioventricular or 
aortoventricular orientation were also noted in 
terms of the thickness, smoothness, and simi- 
larity to normal endothelium. 


Results 

Pet eiieou f baie athonssai One hundred eighteen valves were retrieved of 
1g 1. LOSS Of occluder mass from Wear in a Beall mode. A o E . s 

103 mitral valve and loss of the lenticular shape by which 66% (n = 78) were from the mitral pos 

flattening. tion, 27% (n = 32) from the aortic position, and 





Fig 2. (A) Nicking and (B) scalloping in a Beall model 
103 mitral valve. 
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Table 3. Grading Scheme in Evaluating Tissue Valve Wear in Bioprosthetic Valves 
8 8 


Length of Tear 


Grade Calcification (mm) 

0 None None 

1 Less than 1 mm diameter, 0-1 
single cusp 

2 Less than 1 mm diameter, 1-3 
multiple cusps 

3 Greater than 1 mm diame- 3-5 
ter, one or more cusps 

4 Leaflets fixed 





B 


Fig 3. (A) Strut wear in a Beall model 103 mitral valve. 
(B) Fabric wear in a Starr-Edwards 2300 aortic valve. 


Torn leaflets 


Perforation 





None 


One cusp, less than 
1 mm diameter 


One cusp, greater than 
| mm diameter 


Two cusps greater than 
1 mm diameter 


Three cusps greater than 
1 mm diameter 


Table 4. Valve Types and Position from Which 
Each Was Removed 


Valve Mitral Aortic Tricuspid 
Beall 49 0 5 
Starr-Edwards 1 15 0 
Bjork-Shiley 15 9 3 
DeBakey 1 1 0 
St. Jude 1 0 0 
Hancock 4 2 0 
Carpentier-Edwards 7 4 0 
Ionescu-Shiley 0 1 0 
Total 78 32 
7% (n = 8) from the tricuspid position. No 


pulmonary valves were obtained in this series. 
Eighty-five percent of the valves retrieved were 
mechanical (100), and 15% (18) were tissue. 
Table 4 summarizes the various valve types re- 
moved from each of the three positions. 
Eighty-one percent or 96 of the 118 collected 
valves were explanted at reoperation. The du- 
ration of implant ranged from 1 month to 12.3 
years for valves obtained at reoperation. Dura- 
tion of implant for the 22 valves obtained at 
postmortem examination ranged from one day 
to 11.8 years. Table 5 summarizes implant du- 
ration for the various valves and respected po- 
sitions. 


Indications for Reoperation 

The clinical data obtained from the history, 
catheterization reports, and operative notes on 
each patient indicated that the aortic valve 
prostheses were removed for hemodynamic 
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Table 5. Implant Duration in Years 





Mitral Implants Aortic Implants Tricuspid Implants 














Type No. Mean Range No. Mean Range No. Mean Range 
Bjork-Shiley 15 2.1 0.1-6.0 9 1.3 0.1-4,3 3 3.0 0.7-5.0 
Beall 49 7.1 2.1-12.3 Oy ax r 5 6.7 6.1-8.7 
Starr-Edwards 1 10 15 5.8 0.5~11.8 
DeBakey 1 10.7 1 10.7 
St. Jude 1 0.8 ine Lix Med 
Hancock 4 1.6 0.1-3.0 2 17 1.3-2 
Carpentier- 7 2.0 0.5-5.7 4 1.5 0.3-3.3 

Edwards 
Ionescu-Shiley Tas pay at 1 0.08 





Table 6. Clinical Indications for Reoperation 





Mitral Prostheses 
(N = 67) 


Aortic Prostheses 





Mitral Insufficiency 





(N = 22) 
Aortic Tricuspid Prosthesis 
Root Insufficiency (N = 6) 
AS or Without With TI and Severe Acute 


Hemolysis Infection Infection Hemolysis Obstruction 


‘rreneettnetrereerrerrennnneaniannnnntrnerneminmanintnnuntinnntttrtnrrrernmnitnianninnitinstinnraeemrerennntninahniiniiihentenrmrrnmitnnntnitistshnetineremmsrmsihnintrrrnenr-nnenintintatiHvnsphtinisesusapmartienineneinrtnrtes 


Thrombo- 
Type of MS and/or emboli or Without With 
Valve Hemolysis Obstruction Infection Infection 
Dise 36 3 4 E 
Tilting-disc T 5 4 5 
Caged-ball OD ka oe 1 
Tissue Seis 2 5 2 


4 





MS = mitral stenosis; AS = aortic stenosis; Tl = tricuspid insufficiency. 


aortic stenosis, or hemolysis or aortic root in- 
sufficiency in nearly equal number (Table 6). 
Although small-sized prostheses were inher- 
ently obstructive, an additional element of 
stenosis developed over time and was caused 
by subvalvular obstruction. In most cases this 
was caused by cloth wear of the valve seat, and 
it was associated with significant hemolysis in 
all patients. 

Aortic root insufficiency as a cause for reop- 
eration was analyzed with respect to the pres- 
ence or absence of infection. Only the tilting- 
disc valves were associated with infection. 
Aortic insufficiency not associated with infec- 
tion developed in 1 patient in the mechanical 
valve group. Aortic insufficiency not associated 
with infection developed in patients with tissue 
valves, and was a result of valve dysfunction in 
all instances. 

Indications for reoperation and removal of 
mitral prostheses (see Table 6) were similarly 


related to obstruction caused by severe wear, 
thrombus, or calcification. Atrioventricular 
incompetence was caused by occluder wear, 
disc escape, or periprosthetic leak. The most 
dramatic example of valve insufficiency oc- 
curred in those patients with disc escape or 
sudden leaflet disruption (5 patients). Peri- 
prosthetic leak was associated with infection in 
8 patients, and 2 patients without infection 
required reoperation for this complication. 

Tricuspid valve reoperation and explantation 
was indicated for valvular insufficiency. It re- 
sulted from severe disc wear in 4 patients and 
severe obstruction in 2. 


Findings by Valve Model 

Sixteen percent of the mechanical valves were 
Starr-Edwards prostheses (16), and 15 were re- 
trieved from the aortic position with a mean 
duration of implant of 7.7 years. Five were 1200 
series models and had a mean duration of im- 
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Table 7. Mechanical Valve Wear 


Mean Duration 





Position No. of Valves Valve (yr) Cumulative Index (mean) 
Aortic 5 Starr-Edwards 9.0 2.0 
1200 
10 Starr-Edwards 4.2 5.45 
2300 
Bjork-Shiley 1.25 0.0 
1 DeBakey 10.7 6.0 
Mitral 1 Starr-Edwards 10.0 2.0 
6000 
15 Bjérk-Shiley 2.1 0.0 
49 Beall 7.1 9.87 
1 DeBakey 10.7 10.0 
1 St. Jude 0.8 0.0 
Tricuspid 3 Bjork-Shiley 3.0 0.0 
5 Beall 6.7 5.86 





None = 0; mild = 1-4; moderate = 5-7; severe = 8-12. 


plant of 9.6 years. These valves showed very 
mild wear with minimal focal flattening at the 
seat. There was no cloth wear of the sewing 
collar and only mild discoloration from lipid 
absorption and deposition. No cracks were ob- 
served, and no gross hardening of the silicone 
rubber balls were found. In contrast to the mild 
amount of wear of the 1200 series, the 2300 se- 
ries models revealed moderate wear as a group 
with a cumulative index of 5.45 (Table 7). There 
was severe wear of the fabric covering of the 
struts and the seats of all valves. As the fabric 
became circumferentially worn, it rolled down 
into the inlet orifice and caused a stiff subval- 
vular membrane to form. Eighty-nine percent 
of the valves recovered after 2 years or more of 
implantation showed severe wear of the seat 
and struts. No wear of the metal ball occluders 
was found. The Starr-Edwards 6000 series mi- 
tral valve demonstrated minimal wear of the 
struts from ball abrasion. 

Twenty-seven Bjérk-Shiley prostheses (23% 
of the total number of valves) were explanted 
from the aortic, mitral, and tricuspid positions 
(mean duration, 2.04 years), and no wear was 
found on any disc or strut. As a group, the 
cumulative wear index was 0 (see Table 7). Two 
DeBakey valves, 1 mitral and 1 aortic, were re- 
moved from the same patient after a mean du- 
ration of 10.7 years. The caged-ball aortic valve 


had a low cumulative index of wear, mild metal 
strut flattening, and severe wear of the cloth- 
covered valve seat. The mitral disc valve was 
severely worn with a severe strut fabric wear 
and disc wear, and had a high cumulative wear 
index (see Table 7). 

Forty-six percent of the valves in the collec- 
tion were of the Beall type (54), including 3 
model 105 prostheses, all implanted in the mi- 
tral position. No wear was demonstrated on 2 of 
these 105 valves. The third valve was found to 
have a stress fracture of the strut and secondary 
disc escape. The Pyrolite disc remained in the 
patient, and no seat wear was demonstrated on 
the explanted prosthesis. The Beall model 103 
and 104 valves (5 tricuspid and 46 mitral) were 
found to have severe abrasive wear of the 
polytetrafluoroethylene (PTFE) disc and the 
PTFE-covered titanium struts. Four cases of 
disc escape from severe occluder wear were in- 
cluded in this group. Seventy-five percent of 
the valves were severely worn by the time of 
explantation, and the remaining showed mod- 
erate wear. Strut wear had a mean index of 2.7 
(standard deviation [SD] = 0.623; standard 
error of the mean [SEM] = 0.094); seat wear, 
3.27 (SD = 1.17; SEM = 0.17); and occluder, 
3.43 (SD = 0.92; SEM = 0.13). All valves were 
explanted after 2 years and demonstrated 
severe wear with a cumulative index of 9.87 
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Fig 4. Severe fabric seat wear in a Beall model 103 mi- 
tral valve, leading to formation of a supravalvular 
diaphragm: (A) the view from the ventricular side of the 
valve and (B) the atrial view showing the resulting in- 
flow narrowed by the supravalvular diaphragm. Note 
the completely exposed titanium ring in 5A. In this pa- 
tient, the disc embolized to the descending aorta. 


(see Table 7). Severe fabric wear of the seat re- 
sulted in an unrolling of the fabric upward into 
the inlet orifice. Subsequent tissue ingrowth 
resulted in the formation of a stiff, supravalvu- 
lar atrial shelf (Fig 4). The single St. Jude mitral 
valve showed no wear of the components. 

Tissue valves comprised 15% of the ex- 
planted valves. The single Ionescu-Shiley 
aortic prosthesis was removed after thirty days 
and demonstrated no wear. Two Hancock pros- 
theses were explanted from the aortic position. 
One was removed after 2.7 years’ duration and 
demonstrated a ruptured cusp. The second 
valve, implanted for 1.3 years, demonstrated an 
immobile leaflet stuck in the open position (Fig 
5). There were no perforations of the cusps in 
the second valve, and no calcification was ob- 
served in either valve. Four Hancock prostheses 
were retrieved from the mitral position. Three 
of these valves demonstrated calcification. The 
longest implanted valve, 3.2 years, revealed se- 
vere calcification (Fig 6). The remaining valve 
failed to show wear after 0.3 year and was re- 
moved because of periprosthetic leak. 


Eleven Carpentier-Edwards valves were ex- 
planted, of which 4 were from the aortic posi- 
tion. Three of these valves demonstrated perfo- 
rations of the leaflets (Fig 7). Implantation times 
were 0.3, 1.0, and 2.5 years. No calcification 
was found. One Carpentier-Edwards prosthesis 
was retrieved at postmortem examination after 
3.3 years and revealed no calcification or perfo- 
rations. Seven Carpentier-Edwards prostheses 
were removed from the mitral position. Five 
were implanted for less than a year and failed to 
demonstrate calcification or perforation. Two 
valves were removed between 4 and 5 years 
after implantation, and each demonstrated rup- 
ture of a leaflet, one through a calcified cusp. 
The second valve had a tear in the midpor- 
tion of the cusp along the sewing collar. 

Tissue valves were separated into the aortic 
and mitral positions without regard to valve 
type. The mean age of the patients with aortic 
valves implanted was 39 years + 5.35 (SEM) 
(range, 22 to 56 years), and the mean duration 
of implant time was 1.5 years + 0.45 (range, 
0.08 to 3.2 years). None of the 7 aortic valves 
revealed calcification. Five of 11 mitral tis- 
sue prostheses demonstrated calcification. The 
mean age for this group of patients was 39.6 
years + 7.10 (range, 55 years), with a mean du- 
ration of implant of 2.56 years. The mean age of 
patients with the noncalcified valves was 64.8 + 
4.36 (range, 47 to 78 years) with a mean dura- 
tion of implant of 1.4 years. 
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B 


Fig 5. (A) Aortic and (B) ventricular view of a Hancock 
valve with immobilization of a single leaflet. No cal- 
cification was present. 


Table 8 correlates tissue valve models with a 
cumulative index of wear. The low mean index 
in each group reflects the relatively equal 
number of valves showing wear and no wear. 

Ingrowth of tissue into the prosthetic sewing 
collar was evaluated when sufficient tissue re- 
mained on the sewing collar after removal of the 
prosthesis. There were 66 such valves. Forty- 








Fig 6. Ventricular view of calcification of a Hancock 
porcine valve in the mitral position explanted from a 


A 


21-year-old patient after 3.2 years. 


Fig 7. Carpentier-Edwards aortic valve visualized from 
the ventricular aspect and demonstrating leaflet per- 
foration 3 months after implantation. 


seven had a polyester velour fabric, and 19 had 
a PTFE collar. The position of the valve in the 
mitral, aortic, or tricuspid annulus had no in- 
fluence on ingrowth into the collar, but did in- 
fluence the characteristics of the neoendothelial 
surface and thickness. A thick fibrous reaction 
was found on the atrial aspect, while there was 
a thin reaction on the ventricular surfaces of 
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Table 8. Tissue Value Wear 


Mean 
No. of Duration Cumulative 
Position Valves Valve (yr) Index 
Aortic 1 Ionescu- 0.08 0 
Shiley 
4 Carpentier- 1.7 1.75 
Edwards 
2 Hancock 1.7 2.1 
Mitral 7 Carpentier- 2.0 2.2 
Edwards 
4 Hancock 1.6 2.3 


Maximal value = 4: 0 = none; 0-1 = mild; 1-2 = moderate; 2-4 = 
severe. 


valves implanted in the atrioventricular posi- 
tion. Valves removed from the aortic position 
had thinner fibrous coverings than those re- 
moved from either the mitral or tricuspid posi- 
tion. All of the polyester velour valve collars 
evaluated for tissue ingrowth had been im- 
planted for longer than 24 months and had firm 
fixation. The mean ingrowth index for this 
group was 3.3. Five valves with the PTFE sew- 
ing collars were implanted from 0 to 3 months. 
The mean index of growth in this group was 
1.0. One valve with a PTFE sewing collar was 
explanted after 24 months and had an ingrowth 
index of 3.2. Thus, the polymeric composition 
of the sewing collar had no significant influence 
on the ingrowth found after 24 months. The 
limited data suggest, however, that many 
months may be required before fixation is 
complete. 


Comment 

Since the first implantation of a prosthetic heart 
valve in a human being, several basic questions 
have continued to arise and challenge inves- 
tigators and clinicians. One of the paramount 
issues has been the durability of prostheses and 
the natural history of clinical events heralding 
failure of these devices. Until recent years, lim- 
ited in vitro material testing and animal ex- 
periments were employed, but because of 
poorly developed and incomplete in vitro test 
methods and lack of adequate animal models, 
the clinical trial was the principal method used 
for evaluation. Today, technical advances have 
led to sophisticated in vitro laboratory testing 
simulating physiological conditions, all of 


which have helped researchers and clinicians 
better understand the causes for success or fail- 
ure of new generations of highly developed 
prosthetic heart valves [16-18]. Yet the true test 
of a prosthetic valve remains the clinical trial. 
For this reason, examination of explanted 
prostheses provides a continuum of useful and 
applicable knowledge for future improvement. 
The prosthetic valves collected in this series 
were obtained as a result of valve failure from 
material fatigue and wear, from prosthetic 
valve—associated complications (thromboem- 
bolism, periprosthetic leaks, and infection), 
and incidental death of patients with prosthetic 
valve implants. The majority of valves reviewed 
were obtained from the first category. The re- 
sults of examination for wear indicated that 
pyrolyte carbon and titanium are, at present, 
the superior materials for mechanical valve 
durability and show little, if any, wear over the 
longest duration of implant (12.3 years). The 
impact and abrasive forces exerted on these. 
materials under physiological conditions do not 
appear to cause detectable deterioration [19, 
20]. This is a distinct advance over PTFE mate- 
rial used in some of the early valves, which 
underwent loss of shape and mass in vivo. The 
deterioration of PTFE in prosthetic valves has — 
been well documented [21, 22]. The reactivity 
elicited by the materials at the interfaces with 
tissue and blood appeared to be related to the 
hemodynamics of the valve position and the 
anticoagulation state of the patient. In this re- 
gard, pyrolyte and titanium again appear to be 
superior to PTFE. However, in 2 patients in this 
series who were in a fully anticoagulated state, 
thrombus formed on Bjérk-Shiley valves in the 
tricuspid position. The thrombus appeared to 
initiate at the minor orifice, which indicates 
theological factors as a major cause. Silicone 
rubber valve occluders in this series underwent 
demonstrable color changes of the ball, presum- 
ably from absorption of lipids and water, but 
ball variance was not observed. No ball vari- 
ance was observed with hollow metal balls. 
The consequences of less than ideal design of 
prosthetic valves were observed in this series. 
The fabric covering of the struts of the Starr- 
Edwards 2300 series aortic valve and the PTFE 
coating of the Beall 103 and 104 valve struts re- 
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sulted in severe wear of these materials from 
occluder abrasion and impact. The most 
dramatic impact of design, however, was dem- 
onstrated by the fabric covering of the valve 
seat in these two valve types. Fabric wear re- 
sulting from impact of the occluder resulted in 
the “unrolling” of the fabric through the orifice 
and the formation of a subvalvular shelf with 
aortic valves and an atrial supravalvular 
stenosis in the mitral position. This stenosis re- 
sulted in severe hemolysis, thrombus forma- 
tion, and pathological valve stenosis. 

Tissue valves comprised a small percentage 
in this series. Wear in the form of leaflet perfo- 
ration was present in both short-term (less than 
one hundred eighty days) and long-term (up to 
4 to 5 years) implants. Leaflet-blood inter- 
actions in the form of calcification were present 
only in valves inserted in the mitral position, 
although others have noted aortic valve calcifi- 
cation [6]. Calcification was detectable as early 
as forty days after explantation. 

Reasons for explantation of valves other than 
wear were infection and periprosthetic leak. 
Bjérk-Shiley valves were removed because of 
aortic root insufficiency only when associated 
with infection, but were associated with sterile 
periprosthetic leak in the mitral position de- 
spite a wide, soft sewing collar. All of the aortic 
valves removed for periprosthetic leak with in- 
fection were mechanical, and 80% (4 of 5) of the 
mitral valves removed for periprosthetic leak 
associated with infection were mechanical. In 
the aortic valve group with periprosthetic leak 
not associated with infection, 5 of 6 or 83% 
were tissue valves and in the mitral group, 9 of 
14 or 64% were mechanical. 

Valve-host interaction with respect to tissue 
ingrowth into the sewing collar was evaluated. 
Ingrowth into PTFE and polyester velour was 
time related, with maximal adherence of the tis- 
sue to the valve sewing collar observed after 24 
months. Valve position and anticoagulation 
appeared to influence the nature of the in- 
growth, with the thicker or denser ingrowth 
noted on the atrial aspect of the annulus in 
comparison to the ventricular side of the sew- 
ing collar relative to flow fields. This was con- 
sistent with earlier reported works of Braunwald 
and Morrow [23], and Hannah and associates 
[24]. 


This series of explanted cardiac prosthetic 
valves indicated that the ideal valve has yet to 
be designed and fabricated. Materials are avail- 
able that minimize prosthetic wear and fatigue. 
Valve failure related to components of mechani- 
cal or tissue valves appeared early and late in 
this series. Severe wear of tissue valve compo- 
nents, however, resulted in earlier explantation 
than severe wear of mechanical components, 
prompting mechanical valve explantation. 
Valve-related problems of periprosthetic leak, 
thromboembolism, and infection are inherent 
in both tissue and mechanical valves. Frequent 
follow-up of all patients with prosthetic valves 
is essential to detect valve dysfunction as a re- 
sult of fatigue and wear and to detect valve- 
related problems of periprosthetic leak, infec- 
tion, and thromboembolism. 


We gratefully acknowledge use of the files of the pa- 
tients of Thomas B. Ferguson, M.D., and Clarence S. 
Weldon, M.D., the photography services of Mr. 
Kramer Lewis, the skillful catalogue and data collec- 
tion of Mrs. Frances L. Grubbs and Mrs. Barbara K. 
Clark, and the dedicated persistence of Ms. Patricia 
L. Prat: in the preparation of the manuscript. 
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Carcinoma of the Lung in Women 
Marvin M. Kirsh, M.D., Jeanne Tashian, M.A., 


and Herbert Sloan, M.D. 


ABSTRACT The 5-year survival of 293 men and of 
78 women undergoing pulmonary resection and 
mediastinal lymph node dissection is. compared. 
These patients were broken into two age groups: 
Group 1, 40 through 49 years of age, and Group 2, 50 
years of age and older. They were subdivided fur- 
ther according to clinical stage, cell type, and sex. 

Of the 25 men in Group 1, 15 (60%) survived 5 
years, while 98 (37%) of the 268 men in-Group 2 sur- 
vived 5 years. Among the 31 women in Group 1, 5 
(16%) survived for 5 years, while 15 (32%) of the 47 
women in Group 2 survived for that length of time. 
The survival among women in the younger age 
group was significantly lower than for both groups 
of women in. the older age group (p = 0.0335) and 
men in the younger age group (p = 0.0033). This is 
believed to be due to the higher incidence of both 
Stage III disease and adenocarcinoma in the younger 
women. Twenty-two of the younger women (71%) 
were classified Stage III compared with 14 (30%) of 
the older women. Fourteen younger men (56%) had 
reached Stage III, and 101 older men (38%) were 
classified as Stage III. 

These data suggest that sex is an important factor 
in determining survival because there appears to be 
a relationship between it and the stage of the dis- 
ease, and cell type. Overall, women had a poorer 
5-year survival than men. Younger women have a 
strikingly lower survival than any other group, 
which is explained by their higher incidence of both 
Stage III classification and adenocarcinoma. 


During the past 60 years, there has been a 
steady increase in the incidence of carcinoma of 
the lung. The American Cancer Society esti- 
mated that 122,000 new cases of lung cancer 
would be detected in 1981 and that 105,000 
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people would perish from the disease in that 
year [1]. Thirty Fears ago the male to female in- 
cidence of lung cancer was about 5:1, but with 
the increase in smoking among women that 
began during World War II, this ratio has been 
decreasing in rezent years. Of the 122,000 new 
cases predicted for 1981, 88,000 were in men 
and 34,000 in women, a ratio of 2.6:1. Between 
1950 and 1975, the percentage of increase in 
lung cancers in women was 238.8% and in men, 
184.8%. The present study was undertaken to 
compare the 5-year survival of men and women 
undergoing resection for bronchogenic car- 
cinoma and to ascertain what factors, if any, in- 
fluenced survival. 


Material and Methods 

Over an 11-year period at the University of 
Michigan Medical Center, 371 people survived 
a curative resection for bronchogenic car- 
cinoma; 78 of the survivors were women and 
293 were men. Anterior mediastinal exploration 
or mediastinoscopy was not performed pre- 
operatively in ary of these patients, and none 
of them had roentgenographic evidence of 
mediastinal or st bcarinal lymph node involve- 
ment. Whether lobectomy or pneumonectomy 
was carried out depended on the location and 
extent of the carc noma. The perihilar and hilar 
lymph nodes were removed en bloc with the 
primary lesion whenever possible. Following 
resection, the suderior mediastinal, subaortic, 
subcarinal, and >araesophageal lymph nodes 
were removed completely. The resection was 
considered curative if all the gross tumor was 
excised, even if the operation included resec- 
tion of the adjacent diaphragm, pericardium, or 
chest wall. Postcperative mediastinal irradia- 
tion was given to those patients who had 
undergone curative resection and, in addition, 
had mediastinal metastases. The total dose ad- 
ministered was 5,000 to 6,000 rads given in 
daily doses of 20G rads over a five- to six-week 
period. 
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Since there was not a large number of pa- 
tients with acanthoadenocarcinoma, oat cell 
carcinoma, undifferentiated carcinoma, or large 
cell carcinoma, only the results of treatment in 
patients with squamous cell carcinoma or 
adenocarcinoma were analyzed. Retrospec- 
tively, the patients were classified according 
to the guidelines established by the Ameri- 
can Joint Committee on Cancer Staging and 
End Results Reporting [2]. 

In an attempt to ascertain the effect of age on 
survival, the patients were arbitrarily divided 
into two groups. Group 1 patients were 
younger than 50 years of age whereas Group 2 
patients were 50 years of age or older. 

The generalized Cochran-Mantel-Haenzel 
test was used to compare survival between the 
two age groups of women and for a preliminary 
statistical analysis of adjusted and unadjusted 
survival figures for both men and women. In a 
subset analysis of Group 2 for both men and 
women, a check for interaction between the 
factors was done by using a weighted least 
squares. model containing all main effects and 
all two-way interaction terms [3]. . 


Results 

Women 

The majority of the women (47 of 78) had 
adenocarcinoma (Table 1). Only 20 of the 78 
women survived 5 years free from disease 
(Table 2). Survival according to stage of disease 
and histological cell type is shown in Tables 3, 
4,5, and 6. The most striking finding was that 
the 5-year survival for the younger women was 
only 16% whereas it was 32% for the patients 50 
years old or older (p = 0.0335). Twenty-two of 
the 31 younger women had Stage III disease 
whereas only 14 of the older women were 
classified as Stage II (see Table 5). In addition, 
22 of the 31 younger women (71%) had 
adenocarcinoma, while only 25 (53%) of the 47 
older women did (see Table 6). 


Men 

The majority of the men had squamous cell car- 
cinoma regardless of age distribution (see Table 
1). Of the 293 patients, 113 lived 5 years free 
from disease (see Table 2). Survival according to 
histological cell type and stage of disease are 


listed in Tables 3, 4, 5, and 6. The 5-year survi- 
val for the younger age group was 66%, and it 
was 37% for the patients older than 50 years. 
There was no difference between the two 
groups with respect to histological cell type or 
stage of disease (see Tables 3—6). 


Comment 

Since the 1930s, the incidence of bronchogenic 
carcinoma has increased steadily. In men there 
was a rapidly rising incidence until 1960, but a 
slower rise thereafter. On the other hand, the 
tise in incidence of bronchogenic carcinoma in 
women was slow until 1960, but since then it 
has become rapid. In some series, the rate of 
increase in lung cancer in women exceeds the 
rate of increase in men [4]. 

A study by the Connecticut Cancer Registry 
in 1977 revealed some startling figures [5]. 
Among persons aged 35 to 44 years, between 
1970 and 1974, the male to female incidence was 
a little less than 2:1. In 1975, there were more 
lung cancers among women than among men in 
this age group. The ratio was 0.9:1. A study 
from the New York State Department of Health 
predicted that if current trends continue, lung 
cancer will surpass breast cancer as the leading 
catise of cancer deaths in women by 1984 [6]. 
Annegers and colleagues [7] reviewed the inci- 
dence of bronchogenic carcinoma in a rural 
community in Minnesota over a 40-year period. 
They found that the incidence of lung cancer in- 
creased in men in every decade except the last. 
During that decade, the increase continued 
only in men age 65 and more; in men age 25 to 
64 years, the rate.plateaued. Among women, no 
change of rate was found in the period 1935 
through 1964; the first increase occurred in the 
decade 1965 to 1974. ; 

The explanation for the recent more rapid rise 
of lung cancer in women compared with men is 
uncertain. In men squamous cell, oat cell, and 
large cell undifferentiated carcinoma have a 
strong association with smoking, while the as- 
sociation with adenocarcinoma is much less 
strong. It is believed by some that the cause of 
tħe growing incidence of carcinoma of the lung 
in women is the increased number of smoking 
women [4]. If this is true, then there should þe 
an increase in the proportion of histological cell 
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Table 1. Occurrence of Histological Cell Type according to Sex and Age* 











*Numbers in parentheses are percentages. 


types in bronchogenic carcinoma in which 
smoking has been incriminated, namely, 
squamous cell, oat cell, and undifferentiated 
carcinoma. However, an increase in these his- 
tological cell types found in lung cancer has not 
occurred in women in either Europe or the 
United States. Beamis and associates [4] re- 
viewed the histological cell types of women 
with bronchogenic carcinoma from 1957 
through 1972. They found no change in the 
histological cell distribution during the period 
of study. The most frequently encountered 
tumor was adenocarcinoma. A similar prepon- 


Men Women 
Cell Type 40-49 50-75 40-49 50-75 
Squamous cell 16 (64) “167 (62) 6 (19) 13 (28) 
Adenocarcinoma 4 (16) 72 (27) 22 (71) 25 (53) 
Other 5 (20) 29 (11) 3 (10) 9 (19) 
Total , 25 268 31 47 
aNumbers in parentheses are percentages. 
Table 2. Five-Year Survival according to Histological Cell Type and Sex? 
Men Women 
No. of No. of 

Cell Type Patients Survivors Patients Survivors 
Squamous cell 183 78 (42.6) 19 6 (31.6) 
Adenocarcinoma 76 22 (28.9) 47 9 (19.1) 

- Other 34 13 (38.2) 12 5 (41.7) 
_ Overall 293 113 (38.6) 78 20 (25.6) _ 
aNumbers in parentheses are percentages. 
Table 3. Five-Year Survival according to Stage and Sex? 

Men Women 
No. of No. of 

Stage Patients Survivors Patients l Survivors 
I ' 130 70 (53.8) 31 16 (51.6) 
I 48 15 (31) 11 0 (0) 
I 115 28 (24.8) 36 4 (11.1) 


derance of adenocarcinoma in women has been 
reported by others. Similarly, Kennedy [8] in a 
review from 1955 through 1971 of 168 women 
with lung cancer could find no evidence of 
changing histological patterns. Wynder and 
co-workers [9, 10] have shown that cigarette 
smoking is closely associated with squamous 
cell and oat cell carcinoma. In our opinion, the 
influence of smoking on the increased inci- 
dence of lung cancer in women is not clear. 
Perhaps, as some investigators believe, there are 
inherent differences in the airways of the lung 
in men and women and a differential response 
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Table 4. Five-Year Survival According to Stage, Histological Cell Type, and Sex? 





Squamous Cell Adenocarcinoma 
Men Women Men Women 
No. of No. of No. of No. of 
Stage Patients Survivors Patients Survivors Patients Survivors Patients Survivors 
I 80 46 (57.5) 9 5 (55.6) 36 18 (50) 18 8 (44.4) 
Il 34 12 (35.3) 3 0 (0) 10 1 (10) 6 ` 0 (0) 


m 69 20 (28.9) 7 1 (14.3) 30 3 (10) 23 1 (4.3) 


aNumbers in parentheses are percentages. 


Table 5. Five-Year Survival According to Stage, Sex, and Age? 


Men $ Women 











40-49 Years 50-75 Years 40—49 Years 50-75 Years- 
No. of No. of No. of j No. of 
Stage Patients Survivors Patients Survivors Patients Survivors Patients Survivors 
I 8 (32) 5 (62.5) 122 (45.5) 65 (53.3) 5 (16.1) 3 (60) 26 (55.3) 13 (50) 
H 3 (12) 2 (66.7) 45 (16.8) 13 (28.9) 4 (12.9) 0 7 (14.9) 0 
M 14 (56) 8 (57.1) 101 (37.7) 20 (19.8) 22 (70.9) 2 (9.1) 14 (29.8) 2 (14.3) 
Overall 25 15 (66) 268 98 (36.6) 31 5 (16.1) 47 15 (32.1) 


Numbers in parentheses are percentages. 


Table 6. Five-Year Survival According to Stage, Age, and Histological Cell Type 





40-49 Years? 50-75 Years?” 
Stage Squamous Cell Adenocarcinoma Squamous Cell Adenocarcinoma 
MEN 
6 (3) 1() 74 (43 [58.1] 35 (17 [48.6]) 

0 3 (2) 0 (0) 31 (10 [32.2] 9(1[11) 
I 7 (5) 3 (2) 62 (15 [24.2)) 27 (1 [3.7]) 

Total ` 16 (10) 4 (3) 167 (68) ; 71 (19) 
WOMEN 
I 1(1) 3 (1) 8 (4) 15 (7) 
H 2 (0) 2 (0) 1 (0) 4 (0) 
I 3 (0) 16 (1) 4 (1) 7 (0) 

Total 6 (1) 22 (2) 13 (5) 26 (7) 


*Numbers in parentheses indicate number of 5-year survivors. 
'Numbers in brackets are percentages. 


38 The Annals of Thoracic Surgery Vol 34 Noi July 1982 


of the airways not only to tobacco smoke but 
also to a variety of other environmental prod- 
ucts. 

There are conflicting reports in the literature 
concerning the prognosis of female patients 
with bronchogenic carcinoma. Weiss [11] re- 
ported an 11.8% 5-year survival for men and an 
18.5% 5-year survival for women. Ederer and 
Mersheimer [12] reported that the prognosis of 
patients with lung cancer was slightly better in 
women than men. They believed that a sex- 
associated factor might inhibit tumor spread in 
women, especially while the disease remains 
localized. Harley [13] reported that women did 
not fare as well as men. In his series, the 5-year 
survival of 14.3% after resection in women was 
less than one-half of that in men. Harley 
thought that a possible reason for the poor 
prognosis in women in his series was due to a 
high percentage of oat cell carcinoma among 
them compared with men. In addition, there 
was a low incidence of squamous cell carcinoma 
(11.4%) ‘in the women compared with men 
(39.3%). Nicholson and co-workers [14] found a 
poorer prognosis in women than in men and, 
like Harley, attributed this to the higher pro- 
portion of poorly differentiated tumors and a 
lower percentage of squamous cell carcinoma. 
Bignall and Martin [15] found the survival for 
women to be lower than for men in all age 
groups. Boucot and Percy [16]; Ashley and 
Davies [17], and Merlier and associates [18] 
also reported similar poorer survival among 
women than men. 

Similarly, the results of our study confirm the 
observation that the 5-year survival for women 
following resection for lung cancer is not as 
good as it is for men. Only 25.6% of the women 
survived for 5 years. This study also showed 
that the prognosis for women less than 50 years 
old is considerably worse than ‘for those older 
than 50 years. Only 16% of the younger women 


survived 5 years while 32% of the older patients. 


lived for the:same period. We believe the effect 
of sex difference ‘on prognosis is related to the 
histological cell type and stage. of disease. We 
09) previously have shown. that all patients, 
men:and women both, with squamous cell car- 
cinoma have a greater 5- -year survival than pa- 
tients with adenocarcinoma (43% vs 27.5%). 


The difference in survival between the two cell 
types was even more striking when there were 
mediastinal metastases; it was 34.4% in pa- 
tients with squamous cell carcinoma and only 
11.8% in patients with adenocarcinoma [19]. 
The majority of women in the present series 
had adenocarcinoma. This was especially true 
for the younger women, among whom 22 of 31 
(71%) had adenocarcinoma. In contrast, 25 of 47 
older women (53%) had adenocarcinoma. This 
preponderance of adenocarcinoma in women, 
associated with the fact that almost half of them 
had Stage III disease, accounts for the poorer re- 
sults among the women than the men. The 
grave prognosis for the younger women is also 
a reflection of the high incidence of Stage III 
disease in these patients. Twenty of the 31 
women patients were classified as being in 
Stage III, and 1 of them survived for 5 years. In 
contrast, 21 of the 47 older patients were 
classified as being in Stage I with 11 of them 
surviving 5 years free from disease. We have no 
ready explanation for the. high incidence of 
Stage III disease in our younger patients. 
‘While the cause of the increased incidence of ` 
carcinoma of the lung in women is still not 
clear, it is evident that age, cell type, and stage 
of the disease play a major role in its outcome. 
Women less than 50 years old with Stage Ill 
classification, adenocarcinoma, or both have a 
poor chance of surviving 5 years after resection. 
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Pericardiectomy: Current Indications, 
Concepts, and Results in a University Center 


J. I. Miller, M.D., K. A. Mansour, M.D., 
and C. R. Hatcher, Jr., M.D. 


ABSTRACT During a 71-year period, 102 patients 
underwent pericardiectomy in the Emory University 
Affiliated Hospitals for a wide variety of pericardial 
disease. Seventy-six patients had predominantly ef- 
fusive pericardial disease, and 26 patients had con- 
strictive pericarditis. Nineteen cases of constrictive 
pericarditis developed in patients who had under- 
gone previous open-heart operations. Hospital 
mortality at six weeks was 8.8%. The surgical ap- 
proach was a left anterior thoracotomy in 72 patients; 
median sternotomy in 26 patients; and a subxiphoid 
approach in 4 patients. Only 2 patients required car- 
diopulmonary bypass. A detailed discussion of each 
subgroup of patients with pericardial disease re- 
quiring pericardiectomy is given. 


The spectrum of pericardial disease requiring 
surgical intervention has broadened markedly 
in the past 10 years with the development of 
adjunctive medical therapy, increased longev- 
ity of patients, and newer, safer surgical and 
anesthetic techniques. This study constitutes a 
71⁄2 year review of the indications, techniques, 
and results of pericardiectomy in the Emory 
University Affiliated Hospitals. 


Materials and Methods 

From July 1, 1974, to December 31, 1980, 102 
patients underwent pericardiectomy on the 
Cardio-Thoracic Surgical Service of Emory Uni- 
versity Affiliated Hospitals. Patients ranged in 
age from 16 to 84 years (mean, 58 years). The 
patients were operated on in three separate 
hospitals of the Emory University Affiliated 
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System: Emory University Hospital, Crawford 
W. Long Memovial Hospital, and the Emory 
Veterans Adminstration Hospital. 

There were seven surgical indications for 
pericardiectomy. Twenty-six patients were op- 
erated on for neo2lastic pericarditis, 26 patients 
for constrictive -pericarditis, 21 patients for 
uremic pericarditis, 15 patients for recurrent 
idiopathic pericarditis, 9 patients for infectious 
pericarditis, 4 patients for radiation pericar- 
ditis, and 1 patiant for traumatic pericarditis. 
The etiology of the 26 cases of constrictive 
pericarditis was as follows: 19 cases developed 
after open-heart operations, 12 after coronary 
artery bypass ard 7 following valve replace- 
ment; in the remaining 7 patients, it was asso- 
ciated with rheumatoid disease in 3 and tuber- 
culosis in 2 and was of idiopathic origin in 2. 

Pathologicaily, 76 patients had predomi- 
nantly pericardial effusion with and without 
tamponade, and 26 patients had predominantly 
pericardial constriction (Table). The most com- 
mon causes of effusive pericardial disease were 
metastatic neoplasms to the pericardium and 
uremic pericard-tis. Constrictive pericarditis 
developing after open-heart operation was the 
most common caase of constriction. 


Surgical Therapy 

All patients were monitored intraoperatively 
with indwelling -adial arterial lines and central 
venous pressure ines. The majority of patients 
had Swan-Ganz «atheters in place. 

The type of su-gical approach utilized was a 
left anterior thoracotomy in 70 patients, a me- 
dian sternotomy in 26 patients, and a sub- 
xiphoid approacl in 6 patients. All patients op- 
erated on for constrictive pericarditis were 
explored throug: a median sternotomy inci- 
sion, with cardiopulmonary bypass standby. 
Only 2 of 26 patints operated on for constric- 
tive pericarditis wequired cardiopulmonary by- 
pass. 
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Etiology of Pericardial Disease 


Constric- , 

Etiology tive Effusion Number 
Neoplastic 0 26 26 
Uremic 0 21 21 
Idiopathic 2 15 17 
Tuberculosis 2 6 8 
Infectious 0 3 3 
Radiation 0 4 4 
Rheumatoid 3 0 3 
After open- 19 0 19 

heart 

operation 
Trauma 0 1 1 

Total 26 76 102 

Results 


There were 9 hospital deaths; 8 occurred within 
a month of operation and the other at six weeks. 
The overall hospital mortality in the series was 
8.8%. The causes of death were progressive 
neoplastic disease (3 patients), hypertensive 
encephalopathy (1 patient), pulmonary em- 
bolus (1 patient), and systemic sepsis and 
multiple-organ failure (4 patients). 

Postoperative complications consisted of 
congestive heart failure in 11 patients, ar- 
rhythmias in 47 patients, infection in 2 pa- 
tients, bleeding in 3 patients, postpericardi- 
otomy syndrome in 1 patient, and exacerbation 
of hypertension in 3 patients. All cases of ma- 
jor postoperative congestive heart failure 
developed in the patients with constrictive 
pericarditis, and a number of these patients 
were in severe congestive heart failure prior to 
operation. 

In the group of 26 patients with neoplastic 
pericarditis, the source of the primary tumor 
was the breast in 19 patients, lymphoma in 3 
patients, and the lung in 4 patients. Among the 
19 patients with a breast primary, there were no 
hospital deaths, and 15 of the patients lived 


more than a year. In the group of 4 patients 


with a lung primary tumor, there were 3 hos- 
pital deaths, indicating that the disease was far 
advanced when these patients were seen. Two 
of the 4 patients with lung primaries were 
explored through a subxiphoid approach be- 
cause of the extent of the disease. 


Twenty-one patients were operated on for 
uremic pericarditis, the majority during 1975 
to 1978. Twelve had been treated with instilla- 
tion of pericardial steroids before undergo- 
ing pericardiectomy. Increased utilization of 
pericardial steroids, with control of the pericar- 
dial effusion, has been the most likely explana- 
tion for the declining number of patients with 
uremic pericarditis and tamponade seen for 
pericardiectomy. There were 2 perioperative 
deaths in this group. 

Fifteen patients underwent pericardiectomy 
for recurrent idiopathic pericarditis. There were 
no operative deaths. All patients had been 
treated intensively medically prior to under- 
going operation. The indications for operation 
in this group of patients were (1) inability to 
wean from steroids without recurrence of pain, 
effusion, or both, and (2) inability to control re- 
current effusions with steroids and diuretics. 

In the group of 9 patients with infectious 
pericarditis, the cause of infection was tuber- 
culosis in 6, Staphylococcus aureus in 2, and Es- 
cherichia coli in 1. All 3 patients with pyogenic 
pericarditis died of multiple-organ sepsis and 
failure while still in the hospital. 

Four patients with radiation pericarditis were 
initially treated for Hodgkin’s disease of the 
mediastinum by radiation therapy. Each pa- 
tient had received from 4,500 to 5,500 rads to 
the mediastinum. The time interval from the 
completion of irradiation to operation ranged 
from 1 to 4 years. In each patient, the preopera- 
tive diagnosis was either recurrent lymphoma 
or radiation pericarditis. Recurrent lymphoma 
was not found in any of these patients, and the 
pericardium was grossly thickened and fibrotic, 
consistent with radiation pericarditis. 

Twenty-six patients underwent operation for 
constrictive pericarditis. It developed in 19 pa- 
tients after open-heart operation—in 12 fol- 
lowing toronary artery bypass operation and in 
7 following valve replacement. ‘During the time 
of this study, 6,322 patients underwent open- 
heart operation at thé’ Emory University Af- 
filiated Hospital Service, which means that the 
incidence of consttistive pericarditis was 0.3%. 
The criteria for the diagnosis of constrictive 
pericarditis after open-heart operation were as 
follows: (1) signs and symptoms of pericardial 
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constriction; (2) electrocardiogram, chest roent- 
genogram, and echocardiogram supporting 
the diagnosis of constriction; (3) cardiac cath- 
eterization supporting the diagnosis in all pa- 
tients; and (4) confirmation at reoperation. 

In the group of 12 patients in whom constric- 
tion developed subsequent to coronary artery 
bypass, the interval from initial operation until 
the time of pericardiectomy ranged from 2 to 40 
months. Five patients were reoperated on at 
between 2 and 4 months; 6 patients at between 
4 and 20 months; and 1 patient at 40 months. 

There were 19 patients who underwent radical 
pericardiectomy by repeat median sternotomy. 
In only 2 patients was cardiopulmonary bypass 


necessary to complete the pericardiectomy. The: 
pathological findings at reoperation included: 


extensive visceral and parietal pericardial adhe- 
sions and fibrosis in all 19 patients. In addition, 
5 patients had an organized posterior pericar- 


dial hematoma. Postoperative complications in ` 


this group consisted of reoperation for bleed- 
ing in 3 patients, significant arrhythmias in 9, 
and mediastinitis in 1 patient. There. were no 


deaths. Follow-up has revealed an excellent reż 


sult in 16 patients and a poor result i in 3. 


Comment 
Surgical indications for pericardiectomy are 
fairly well standardized and, in general, this 
operation is performed for two large categories 
of patients—those with some type of effusive 
pericarditis, with or without tamponade; unre- 
sponsive to medical therapy, and ‘those with 
chronic constrictive pericarditis [1]. ~ 
Neoplastic pericarditis has increased in fre- 
quency because patients are living longer as a 
result of chemotherapy and radiation therapy. 
In general, these patients do not have terminal 
disease and.each patient requires individual as- 
sessment and management [2]. The most fre- 
quent- forms of pericardial metastatic. disease 
are breast and lung í carcinoma, lymphoma, and 
leukemia [3]. Consideration of the histological 
type of tumor is important because patients 
with breast carcinoma ‘and lymphoma have dis- 
ease that can be palliated for prolonged periods 
with appropriate chemotherapy and radiation 
therapy. When lung’ cancet invades the pericar- 


dium it often is terminal, and there is little to 
offer the patient. 

The selection of appropriate therapy for 
metastatic pericardial disease is complicated by 
the nature of the underlying disease state [4]. 
Modes of therapy have included surgical 
drainage, pericardiocentesis, chemotherapy, 
cobalt therapy, and instillation of agents into 
the pericardium. General indications for surgi- 
cal drainage have included (1) life-threatening 
tamponade, when there is a reasonable ex- 
pected survival with the underlying disease 
process; (2) failure to control by chemotherapy, 
radiation therapy, or intrapericardia] therapy; 
(3) presence of a constrictive component; and 
(4):need for histological documentation of etiol- 
ogy [5]. 

In our most common subgroup of patients 
(those with breast carcinoma and pericardial 
metastasis), we make the diagnosis by pericar- 
diocentesis and, if life expectancy is reasonable, 
proceed to pericardiectomy at the first sign of 
reaccumulation. l 
* Uremic pericarditis is the second most com- 
mon cause for pericardiectomy in our institu- 
tion. Since the:advent of hemodialysis pro- 
grams, uremic pericarditis has increased both 
in recognition and importance. Survival of 
more patients on prolonged dialysis results in 
the more frequent complications of tamponade 
and chronic constriction. The incidence of 
pericarditis in patients on chronic renal dialysis 
is reported to be as high as 45% [6]. While the 
majority of patients with uremic pericarditis 
and pericardial: effusion can be treated with 
intensive hemodialysis,. ‘pericardiocentesis, 
and steroids, a large number of patients re- 
main refractory to them. The indications for 
pericardiectomy are (1) acute tampanade, (2) 
large pericardial effusion unresponsive to in- 
tensive hemodialysis and high-dose steroids, 
(3) recurrence of pericardial effusion following 
withdrawal of steroids, (4) subacute constric- 
tive pericarditis with hypotension, ascites, and 
edema, and (5) chronic constrictive pericarditis 
[7]. The optimum mode of treatment in these 
patients remains controversial. Our approach 
has been toward early parietal pericardiectomy 
in patients who are refractory to the standard 
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methods, i.e., increased hemodialysis and 
steroids. 

Current medical therapy of acute pericarditis 
is successful in the majority of patients. There 
are a few patients, however, who are seen with 
recurrent pericarditis and in whom steroid de- 
pendence develops, making it impossible to 
omit steroids without recurrence of pain, effu- 
sion, or both, and a smaller number who have 
recurrent effusion that cannot be controlled 
with steroids and diuretics [8]. These two sub- 
groups of patients should be considered for 
early total parietal pericardiectomy. Early oper- 
ation in this group of patients prevents the 
more serious complications of cardiac tam- 
ponade and pericardial constriction that are 
likely to develop. Symptoms recurred in only 3 
of 15 patients in this subgroup in the present 
study. 

Infectious pericarditis may .be caused by 
bacteria, fungi, parasites, and viruses. Since 


the advent of antibiotic therapy, infectious’ 


pericarditis other than that caused by virus and 
tuberculosis is rarely seen. Today, it is most 
frequently found in patients already ill with 
pneumonia and septicemia, in compromised 
patients following cardiothoracic operations, 
burns, neoplastic disease, and trauma, and in 
immunosuppressed patients [9]. Even with a 
high index of suspicion and early diagnosis 
followed by prompt surgical drainage, the 
prognosis is poor. In a recent study from the 
Massachusetts General Hospital, the mortality 
was 77% [9]. The diagnosis of purulent pericar- 
ditis can be quickly established by pericar- 
diocentesis and a high index of clinical suspi- 
cion, combined with clinical and radiographic 
findings. Once diagnosed, appropriate an- 
tibiotic therapy ` ‘should be instituted: and im- 
mediate parietal peticardiectomy performed. 
Symbas and co-workers [10] reported that 11 of 
12 patients treated in this manner survived. 
Radiation pericarditis in patients with neo- 
plastic disease has been recognized with in- 
creasing frequency in the last decade [11]. It 
may occur early to late after completion of radi- 
ation therapy, and ‘is. most frequently seen fol- 
lowing radiotherapy to the mediastinum for 
lymphoma or Hodgkin’s disease. In general, 


the patients have received more than 4,500 rads 
to the mediastinum. The condition may be seen 
as pericardial effusion with tamponade, chronic 
effusion, or constrictive pericarditis. 

A recently recognized entity is pericardial 
constriction following cardiac operation. Car- 
diac constriction following open-heart opera- 
tion was reported by Kendall in 1972 [12]. Since 
then, only 19 other cases have been reported 
[13], excluding ours. Nineteen patients in this 
review had constrictive pericarditis following 
open-heart operation and underwent radical 
pericardiectomy. 

Our 19 patients initially were operated on 
with a standard cardiac protocol. It consisted of 
(1) median sternotomy, (2) cardiopulmonary 
bypass with systemic hypothermia at 28°C, 
(3) utilization of cardioplegic solutions, (4) 
localized topical hypothermia with iced saline 
solution at 4°C, (5) myocardial irrigation just 
prior to closure, and (6) leaving the pericardium 
open. a 

The average time to presentation of pericar- 
dial constriction was 8 months, with a range of 
2 to 20 months, except in three instances. M 
mode electrocardiography revealed epicardial 
and pericardial thickening with variable de- 
grees of posterior pericardial effusion. Cardiac 
catheterization was diagnostic of constriction 
in all patients. The presence of constriction 
seemed to have no effect on saphenous vein 
graft patency. Grafts were patent in all but 2 
patients, each of whom had one graft closed. 
Prosthetic valve function was normal in all pa- 
tients. All 19 patients required radical pericar- 
diectomy. Pathological study revealed a thick- 
ened, fibrous pericardium in all patients. 

We noted several possible contributing or 
causative factors. The ‘pericardium was left 
open in all 19 patients. A retained posterior 
pericardial hematoma was present in 5 patients. 
Three different pericardial irrigant solutions 
were used: saline solution in 5; antibiotic solu- 
tion, consisting of cephalothin sodium (Keflin) 
and gentamicin, in 4; and Betadine (povi- 
done-iodine) in 10. Postoperative pericarditis 
requiring treatment was present in 11 patients. 

The debate over the significance of an open 
pericardium versus a closed pericardium i is still © 
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not resolved. Both immediate [14] and late [15] 
postoperative cardiac tamponade have been re- 
ported to be major complications of open-heart 
operations. The site of postoperative bleeding 
is extrapericardial in the majority of patients 
[16]. An organized hematoma was found in the 
posterior pericardial space in 5 of our patients. 
The significance of this in relation to the de- 
velopment of constriction is hard to determine. 
Cunningham and associates [17] found no car- 
diac tamponade after pericardial closure at the 
completion of open-heart operation, and no in- 
trapericardial clot in patients who required 
reoperation for excessive bleeding. Primary 
pericardial closure appears to decrease the inci- 
dence of intrapericardial blood accumulation. 
Whether this would prevent the development 
of constriction is debatable. Cohen and Green- 
berg [18] reported constrictive pericarditis in 
both open and closed pericardiums after 
open-heart operation. 

The influence of cold hypothermic solutions 
on the pericardium is unresolved. “Cold injury 
to the myocardium and pericardium, including 
fibroelastic proliferation, has been reported 
when a continuous iced saline solution was 
used at 0.5°C for local hypothermia” [19]. In 
clinical practice, iced saline solutions at tem- 
peratures of 2° to 4°C are utilized and rarely 
drop the myocardial temperature below 10°C. 
Barner and associates [20] showed no signifi- 
cant epicardial injury during prolonged topical 
hypothermia at 5°C to the myocardium. While 
local hypothermic solutions under normal con- 
ditions do not appear to cause severe peri- 
cardial injury, they may involve a degree of 
disruption to the serosal lining, which may 
become important when other factors are taken 
into account. 

We had 10 patients during a time when 
povidone-iodine (Betadine) was being used to 
irrigate the pericardial cavity at the completion 
of bypass operation. During this period, Be- 
tadine was utilized on approximately 300 pa- 
tients. In review of this group of patients, use of 
this solution seemed to be a causative factor. 
Marsa and co-workers [21] reported three cases 
of constrictive pericarditis after open-heart op- 
eration in which it was thought that Betadine 


pericardial irrigating solution prior to chest clo- 
sure played a role in the development of con- 
striction. While we cannot implicate Betadine 
directly, it is worrisome that 10 patients in this 
short period were directly involved with Be- 
tadine pericardial irrigation. 

The significance of the postpericardiot- 
omy syndrome in development of constriction 
following open-heart operation has been 
documented by Rice and colleagues [13]. They 
reported that 5 patients had constriction fol- 
lowing cardiac operation, 4 of whom had a 
postpericardiotomy syndrome. Eleven of our 
patients experienced initial postoperative peri- 
carditis, requiring therapy with salicylates, an- 
tiinflammatory drugs, or steroids. While there 
is no clearcut relationship between postopera- 
tive pericarditis and the development of con- 
striction, there appears to be more than just a 
casual relationship. 

It seems probable that the development of 


constrictive pericarditis following cardiac oper- 


ations is related to the interreaction of more 
than one etiological factor or process. The ex- 
tent of serosal injury, the degree of persistence 
of bleeding, adequacy of fibrinolytic and ab- 
sorptive mechanisms, the postpericardiotomy 
syndrome, and pericardial irrigating solutions 
may be important variables [21]. In the setting 
of several interreacting etiological factors, the 
contribution of any one factor may be obscured 
[21]. The combination of these factors may re- 
sult in adhesions, fibrosis, and eventual peri- 
cardial constriction [16]. 

From our review of constriction developing. 
after cardiac operations, four pertinent points 
emerge: (1) the incidence of constrictive peri- 
carditis after cardiac operation is 0.3%, (2) 
constrictive pericarditis should be considered 
in patients who have undergone cardiac opera- 
tion and are seen early thereafter with cardiac 
decompensation dominated by right-sided 
signs, (3) irrigation of the pericardial sac with 
Betadine should probably be avoided, and (4) 
development of constrictive pericarditis after 
open-heart operation had no dilatory effect on 
saphenous vein graft patency. _ 

From a technical standpoint, we believe that 
all cases of predominant effusive pericarditis 
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should be approached through a left anterior 
thoracotomy; all cases of constrictive pericar- 


ditis should be approached through a median. 


sternotomy with cardiopulmonary bypass 


. standby—although only rarely will it be re- 


quired. A subxiphoid approach is reserved for 
those patients too ill for the above, or in whom 
only a piece of pericardium is needed for 
biopsy and simple drainage. 
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Critical Pulmonary Stenosis 


in Infants Less than Three Months of Age: 
A Reappraisal of Closed Transventricular 


Pulmonary Valvotomy 


V. Srinivasan, M.D., Alan Konyer, M.D., 


John J. Broda, M.D., and S. Subramanian, M.D. 


ABSTRACT Sixteen patients less than 3 months of 
age underwent closed transventricular pulmonary 
valvotomy for critical pulmonary stenosis with intact 
ventricular septum. There were 14 survivors; the 2 
deaths were unrelated to the technique. Early and 
late results reveal good hemodynamics in all but 1 
patient who underwent open valvotomy four years 
later for restenosis. We have used this technique ex- 
clusively, as it is safe, requires little preparation for 
operative relief in the very sick infant, and the early 
and late results are excellent. 


Critical pulmonary stenosis with intact 
ventricular septum seen in infancy is a dire 
emergency. Rapid clinical deterioration and 
death are related to progressive hypoxemia 
secondary to interatrial shunting and right 
ventricular decompensation. Pulmonary val- 
votomy will relieve right ventricular hyperten- 
sion, improve pulmonary blood flow, and re- 
duce the degree of right-to-left atrial shunting. 
The technique of closed transventricular pul- 
monary valvotomy introduced by Brock [1] has 
given way to open valvotomy using the tech- 
nique of inflow occlusion [2] or, recently, on 
cardiopulmonary bypass. In our institution, a 
modified closed transventricular approach has 
persisted as the mainstay in the management of 
infants with critical stenosis. This experience, 
along with the surgical technique, forms the 
basis for this report. 


Materials and Methods 
Between March, 1968, and April, 1978, 16 in- 
fants aged 3 months or younger underwent 
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closed transventricular valvotomy for critical 
pulmonary stenosis at the Children’s Hospital 
of Buffalo. They ranged from 1 day to 3 months 
old (mean age, 5.8 weeks). Six patients (37.5%) 
were less than a week old at the time of opera- 
tion. The youngest patient weighed 2.5 kg and 
the oldest, 5.9 kg (mean weight, 4.18 kg). All 
patients had isolated pulmonary valve stenosis 
with a normal aortic root and intact ventricular 
septum. All patients were seen with cyanosis 
or a hypoxic episode. Preoperative electrocar- 
diogram showed moderate to severe right 
ventricular hypertrophy or strain in each in- 
stance. All patients except 1 underwent angiog- 
raphy. The excepted infant was extremely ill 
and, following a clinical diagnosis, was taken to 
the operating room where the diagnosis was 
confirmed. Severe valvular pulmonic stenosis 
was demonstrated in all patients. Peak right 
ventricular pressure above systemic levels was 
noted in 14 infants, and in 2 infants it was equal 
to systemic pressure (Fig 1). Nine infants had 
right-to-left atrial shunting, and moderate 
tricuspid regurgitation was noted in 5 infants. 
All patients were operated on within 12 hours 
following angiography. 


Operative Technique 

Anesthesia is induced with ketamine hydro- 
chloride and succinylcholine, and the patient 
is administered 100% oxygen following intu- 
bation. A median sternotomy is performed, and 
a horizontal mattress suture with Teflon 
pledgets is placed in the infundibulum. Blood 
is drawn into a 50 ml syringe by the anes- 
thesiologist; blood loss is replaced as needed. A 
stab wound is made within the suture, and the 
puncture is controlled by the assistant with a 
tourniquet. A trocar is passed into the pulmo- 
nary valve, followed by insertion of a Him- 
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Fig 1. Preoperative pressure relationships between the 
right (RV) and left (LV) ventricles. 


melstein valvulotome (Fig 2). Valvotomy is 
performed in the region of the two anterolateral 
commissures; the posterior commissure is usu- 
ally left alone, for fear of injury to the left coro- 
nary artery and inadequate access to the poste- 
rior part of the pulmonary artery. Pressures are 
obtained and the mattress suture is tied. 


Results 

Following valvotomy, all patients showed a 
marked decline in right ventricular pressure in 
the operating room, when compared with the 


Fig 2. The Himmelstein valoulotome. 





preoperative values (Fig 3). In 8 patients, the 
right ventricular pressure was less than half the 
systemic pressure. In 7 patients, the pressure 
ranged between half and two-thirds the sys- 
temic levels, and in 1 infant only was the pres- 
sure equal to systemic levels. Preoperatively, 
this patient had had suprasystemic pressures; 
at follow-up catheterization four years later, the 
patient had only a mild gradient. There were no 
intraoperative complications or deaths related 
to the technique. 

Two patients died early in the postoperative 
period. A 10-week-old infant underwent an un- 
eventful valvotomy but intractable ventricular 
fibrillation developed 24 hours after operation. — 
Postmortem examination revealed an anterolat- 
eral wall infarct caused by intramural infil- 
tration of contrast during angiography. The 
other death was due to unrecognized bleeding 
from a laceration in the inferior vena cava sus- 
tained at cardiac catheterization. This 3-day-old 
infant died 4 hours after an uneventful val- 
votomy. 

All 14 patients who left the hospital were 
available for long-term follow-up (Table). The 
mean follow-up period was 6.0 years (range, 2.5 
to 12 years). Clinical improvement was noted in 
all patients. Since it is our policy to study all 
patients before they start school, 9 patients thus 
far have undergone elective cardiac catheteri- 
zation three to six years following operation. 
The transvalvular gradients as noted in the 
Table are mild, except in Patient 2, in whom the 
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valve was stenosed again. This patient under- 
went open valvotomy on bypass and is cur- 
rently doing well. Patient 4 had a secundum 
atrial septal defect that was closed electively at 7 
years of age. All patients have shown good 
clinical improvement, and the electrocardio- 
grams have shown appreciable regression of 
right ventricular hypertrophy. All patients were 
found to have a grade 3/6 systolic murmur and 
in 6 patients, a diastolic murmur of regurgita- 
tion was noted. No patient in our series has 
had less than an excellent functional result fol- 
lowing operation. 


Comment 

This group of patients less than 3 months old 
was deliberately chosen for reporting for sev- 
eral reasons, 





PRE-OP POST-OP 


Fig 3. Response of right ventricular peak systolic pres- f 
sure to pulmonary valvotomy. (RV = right ventricle.) 1. They were critically ill infants who would 


Data on Patients Who Were Discharged following Closed Transventricular Pulmonary Valvotomy ` 





Results at Second 





Duration of Cardiac Catheterization 
Age at Follow-up Clinical ECG Findings ee 
Patient Operation. (yr) Condition Last Visit RV LV PA Remarks 
1 10 weeks 2 Excellent Incomplete 40/5 108/3 25/5 
RBBB 
2 12 weeks 12 Good RBBB 123/5 130/5 25/10 Underwent open 
valvotomy at 
4 years old; 
doing well 
3 4 days 11 Good Mild RVH 35/4 90/2 2246 R 
4 2 days 1 Good Mild RVH 25/2 120/2 16/5 Secundum ASD 
$ closed on by- 
pass at 7 years 
old; doing 
well 
5 11 weeks 10 Good Normal 32/4 90/3 22/8 aa 
6 12 weeks 10 Excellent Normal a ante paces, ees Refused second 
catheterization 
7 10 weeks 9 Good Residual RVH EN ats bas 
8 12 weeks 7 Good Wandering atrial 32/2 80/2 16/5 
pacemaker 
9 8 weeks 5 Good Mild RVH 22/3 75/2 16/3 
10 5 weeks 5 Good Normal Mirt n RY ae 
11 11 days 4 Good Mild RVH 38/3 85/3 12/4 
12 1 day 3.5 Excellent Residual RVH >... EEA RAS 
13 2 days 3 Good - Incomplete 25/3 100/2 15/4 
RBBB 
14 1 day 2.5 Good Complete 
RBBB 


ECG = electrocardicgraphic; RV = right ventricle; LV = left ventricle; PA = pulmonary artery; RBBB = right bundle-branch block; RVH = 
right ventricular hypertrophy; ASD = atrial septal defect. 
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benefit by minimal surgical manipulation 
with immediate hemodynamic response. 


2. They represent a very young age group in 


whom, regardless of current trends in con- 
genital heart operations, the risk of car- 
diopulmonary bypass would theoretically be 
higher. 

3. Transventricular pulmonary valvotomy was 
the only modality chosen for patients in this 


age group. 


Ten additional infants underwent operation 
when they were older than 3 months; all un- 
derwent transventricular valvotomy and were 
not included in this series because the valid- 
ity and credibility for a case against car- 
diopulmonary bypass in the older age group 
might well be questioned. There has been no 
other form of selection in this age group. In ad- 
dition to these infants, in the last fourteen 
years, there have been 120 additional patients 
whose primary pathological process was pul- 
monary valve stenosis with or without infun- 
dibular obstruction; they were operated on 
with cardiopulmonary bypass either because of 
age (older than 1 year) or because of an asso- 
ciated anomaly (infundibular stenosis or atrial 
defect) that would not have been amenable to 
the closed transventricular technique. Pulmo- 
nary valvotomy was done as an ancillary pro- 
cedure in- patients with hypoplastic right 
ventricle and pulmonary atresia; this group has 
not been included. 

The valvulotome used was a Malm-Him- 
melstein valvulotome made by Codman (see Fig 
2). Its main feature is that it is not a blunt.in- 
strument such as Brock’s, but consists of a re- 
verse cutting blade that excises the pulmonary 
valve. 


- The major objection to closed transventricular 
pulmonary valvotomy in infants has been a 
high mortality and an unacceptable residual 
gradient. Danielson and associates [4] reported 
3 deaths in 14 infants (21%), and Gersony and 
colleagues [5] reported 5 deaths among 19 
patients (26%) in their series. 

Campbell [6], reporting on patients operated 
cn by Brock, noted that 39% of patients, al- 
though improved, had residual gradients; in 
the series of Mirowski and co-workers [7], the 
incidence was 26% among patients operated on 
at the Johns Hopkins Hospital. The United 
States Joint Study of Congenital Heart Defects 
[8] demonstrated a considerable gradient (< 50 
mm Hg) four to eight years following repair in 
10 patients, 6 of whom had a Brock valvotomy 
[1]. 

In our series there were 2 deaths (12.5%), 
neither of which were related to the technique; 
1 patient (6%) with residual gradient required 
reoperation. We believe that this technique car- 
ries minimal morbidity and affords excellent re- 
sults when appropriate measures are taken for 
intraoperative care (i.e., control of bradycardia, 
hypotension, and acidosis) and proper patient 
selection (i.e., patients without infundibular 
stenosis). 


Addendum 

Since this paper was submitted, there have been 2 
additional children less than 3 months old who 
underwent successful pulmonary valvotomy. One of 


‘them has been restudied and shown to have normal 


hemodynamics. 
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The Hemodynamic Response to Dopamine 
and Nitroprusside Following Right Atrium—Pulmonary 
Artery Bypass (Fontan Procedure) 


Donald B. Williams, M.D., Paul D. Kiernan, M.D., Hartzell V. Schaff, M.D., 
H. Michael Marsh, M.B., and Gordon K. Danielson, M.D. 


ABSTRACT Cardiac output is critically dependent 
upon pulmonary vascular resistance after right 
atrium-pulmonary artery bypass (Fontan proce- 
dure), since there is no pulmonary ventricle in the 
circulation. Inotropic agents, including dopamine, 
may increase pulmonary vascular resistance and, 
therefore, might have an adverse effect on cardiac 
output. 

The present study determined the hemodynamic 
responses to dopamine and nitroprusside of 9 pa- 
tients following right atrium—pulmonary artery 
bypass. Particular attention was given to effects on 
cardiac output (CI), pulmonary vascular resistance, 
and right atrial pressure (RAP). Baseline hemody- 
namic data were measured without drugs, with do- 
pamine at 7.5 pg/kg/min, with sodium nitroprus- 
side up to 5.0 pg/kg/min, and with a combination of 
dopamine, 7.5 g/kg/min, and sodium nitroprusside, 
1.0 pg/kgimin. Right and left atrial pressures 
(LAP), mean arterial blood pressure (BP), heart rate 
(HR), and CI were measured. Stroke volume index 
and pulmonary arteriolar resistance index were 
calculated. The increase in CI from baseline (1.98 
+ 0,86 liters per minute) was significant for in- 
fusions of dopamine (2.75 + 1.05, p < 0.001), sodium 
nitroprusside (2.57 + 0.78, p < 0.001), and both 
drugs (2.74 + 0.84, p < 0.001). The increased CI was 
achieved primarily by a significant increase in HR 
with dopamine and by an increase in stroke volume 
index with sodium nitroprusside. With a similar in- 
crement in CI, the RAP was significantly decreased 
from baseline (21 + 4 torr) with sodium nitroprus- 
side (15 + 3, p < 0.001) but was unchanged with 
dopamine. Pulmonary arteriolar resistance index 
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decreased significantly from baseline (375 + 230 
dynes sec cm™‘/m?) with sodium nitroprusside (169 
+ 132, p < 0.001), and, interestingly, with dopamine 
as well (273 + 165, p < 0.05). Both dopamine and 
sodium nitroprusside in these dosages have favora- 
ble effects on CI and pulmonary arteriolar resistance 
index in patients after right atrium—pulmonary ar- 
tery bypass. Whenever feasible, sodium nitroprus- 
side is preferred for increasing CI after such a bypass 
procedure, since lower RAP decreases the severity of 
fluid retention, ascites, and chest tube drainage. 


Dopamine (3,4-dihydroxyphenethylamine) has 
proved useful for augmenting myocardial per- 
formance in both children and adults after car- 
diac operation [1-4]. It is often the inotropic 
agent of choice because it has less tendency to 
produce an unfavorable chronotropic effect 
than such agents as isoproterenol [5-7], and be- 
cause it has the unique ability among sym- 
pathomimetic amines to selectively increase 
renal blood flow [8]. Dopamine also appears to 
have less peripheral vasoconstrictive effect than 
either epinephrine or norepinephrine [5, 6]. 
Sedium nitroprusside, a potent vasodilator, has 
been shown to improve cardiac performance by 
decreasing left ventricular afterload in both 
children and adults after cardiac operation 
[2-4]. Vasodilation with sodium nitroprusside 
may be used to treat low cardiac output with 
increased systemic vascular resistance, and 
restoration of preload by expansion of blood 
volume has been shown to further improve car- 
diac function [4]. 

In 1971, Fontan and Baudet [9] reported suc- 
cessful right atrium—pulmonary artery bypass 
for the “correction” of tricuspid atresia. Since 
then, right atrium—pulmonary artery bypass 
has gained increasing acceptance in the surgical 
treatment of that anomaly, as well as in the 
treatment of certain types of univentricular 
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heart and other complex cardiac anomalies [10] 
involving an absent or hypoplastic pulmonary 
ventricle. This procedure results in physiologi- 
cal correction of the congenital defect by di- 
recting all desaturated systemic venous blood to 
the lungs and all oxygenated pulmonary venous 
blood to the systemic arterial circulation. Car- 
diac output is critically dependent on pulmo- 
nary vascular resistance in patients who have 
undergone right atrium—pulmonary artery by- 
pass, because of the absence of a pulmonary 
ventricle in the circulation. Although the he- 
modynamic effects of dopamine and sodium 
nitroprusside have been studied in children 
and adults after cardiac operation [1-4], the 
precise response to their infusion in’ patients 
after right atrium—pulmonary artery bypass has 
not been reported. In order to clarify the use of 
these agents in treating low cardiac output 
following such a bypass procedure, the 
hemodynamic responses to dopamine and 
sodium nitroprusside were studied in each pa- 
tient; particular attention was paid to effects on 
cardiac output, pulmonary vascular resistance, 
and right atrial pressure (RAP). 


Materials and Methods 

Nine patients were studied from July, 1980, to 
January, 1981, one to three days after having 
undergone right atrium—pulmonary artery 
bypass. This procedure, in our institution, es- 
sentially entails creating a wide conduit be- 
tween the right atrium and either the ru- 
dimentary right ventricle (outlet chamber) or 
pulmonary artery, usually using a flap of right 
atrial appendage as the floor of the conduit and 
autologous pericardium as the roof [10]. There 
were 4 male and 5 female patients with a mean 
age of 13.9 years (range, 8 to 23 years). Four pa- 
tients had univentricular heart, 4 had tricuspid 
atresia, and 1 had double-outlet right ventricle 
with dextrocardia. All 9 patients were shown to 
have normal-sized pulmonary arteries for their 
height and weight, as well as a normal pulmo- 
nary vascular resistance at preoperative cardiac 
catheterization. Four patients had a previous 
systemic-pulmonary artery shunt that was 
closed as part of the right atrium—pulmonary 
artery bypass repair. In 1 patient, operated on 
elsewhere, a stricture developed in a prosthetic 


Dacron conduit placed between the right 
atrium and the pulmonary artery. This conduit 
was removed and a right atrium—pulmonary 
artery bypass was performed as just described. 

All patients were studied in the early post- 
operative period after they had been weaned 
from inotropic and ventilator support. Baseline 
hemodynamic data were measured without 
drugs, including RAP and left atrial pressure 
(LAP), mean arterial blood pressure (BP), 
heart rate (HR), and cardiac index (CI). Cardiac 
index was measured using standard dye dilu- 
tion techniques with indocyanine green in- 
jected into a left atrial catheter and sampled 
from a peripheral arterial catheter, and was 
taken as the average of three consecutive mea- 
surements. Patients were transfused with a 
volume of blood equal to that removed during 
CI measurements to maintain a relatively stable 
circulating blood volume. Stroke volume index 
(SVI), systemic vascular resistance index 
(SVRI), and pulmonary arteriolar resistance 
index (SVRI), and pulmonary arteriolar resis- 
tance index (PARI) were calculated according to 
the following formulas: 


SVI (ml/beat/m’) = (CI/HR) x 1,000 | 
SVRI (dynes sec cm~*/m?) = [(BP — RA)/CI] x 80 
PARI (dynes sec cm~*/m?”) = [(RA — LA)/CI] x 80 


After these baseline hemodynamic indices 
had been recorded, an infusion of dopamine 
was begun into a central venous catheter. The 
drug was increased to 7.5 wg/kg/min as toler- 
ated, and after 20 minutes, hemodynamic mea- 
surements were repeated. The dopamine infu- 
sion was discontinued, and an infusion of 
sodium nitroprusside begun at 1.0 wg/kg/min 
and increased cautiously until the BP had fallen 
to approximately 70 torr or until a maximum of 
5.0 pgikgimin had been reached. Hemo- 
dynamic data were again recorded after 20 
minutes. The sodium nitroprusside infusion 
was decreased to 1.0 pg/kg/imin, and the 
dopamine infusion restarted at 7.5 wg/kg/min. 
After 20 minutes, hemodynamic data were 
again recorded. 

Statistical analyses performed with Student’s 
t test were used to assess differences in the 
same hemodynamic indices for infusions of 


A 
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Hemodynamic Indices for 9 Patients after Right Atrium-Pulmonary Artery Bypass 


Dopamine + 


Dopamine Nitroprusside Nitroprusside 

Hemodynamic Baseline (7.5 wglkeimin) (4.5 wg/kg/min) (7.5 + 1.0 ug/kg/min) 
RAP (torr) 21+ 4 2143 15 + 3° 19 + 34 

LAP (torr) 2+5 10 + 5a 9 + 48 10 + 54 

MBP (torr) 89 + 12 96 + 11 76 + 12° 84 +13 

HR (beats/min) 91 + 18 118 + 35% 95 + 20 120 + 36> 

CI (L/min/m?) 1.98 + 0.86 2.75 + 1.05¢ 2.57 + 0.78¢ 2.74 + 0.84° 

SVI (ml/beat/m?) 22 +5 25 + 10 27 +9% 25 + 10 

SVRI dynes sec cm™/m? 3174 + 1413 2478 + 985 2058 + 687” 2058 + 6634 

PARI dynes sec cm“ /m? 375 + 230 273 + 165° 169 + 132° 279 + 1638 


ap < 0.05 versus baseline. 
»p < 0.01 versus baseline. 
p < 0.001 versus baseline. 


RAP = right atrial pressure; LAP = left atrial pressure; BP = mean blood pressure; HR = heart rate; Cl = cardiac 
index; SVI = stroke volume index; SVRI = systemic vascular resistance index; PARI = pulmonary arteriolar resistance 


index. 


dopamine, sodium nitroprusside, and the com- 
bination of dopamine and nitroprusside com- 
pared with baseline data without drugs. 


Results 
The Table summarizes the mean hemodynamic 
indices for the 9 patients measured at baseline 
without drugs, with dopamine at 7.5 pg/kg/ 
min, with sodium nitroprusside up to 5.0 ugi 
kg/min, and with a combination of dopamine at 
7.5 wgikg/min and sodium nitroprusside at 1.0 
pgikg/min. The Figure demonstrates changes 
in the mean RAP, HR, CI, and pulmonary ar- 
teriolar resistance index during the study. All 
patients tolerated the dopamine infusion, al- 
though sinus tachycardia of 150, 157, and 165 
beats per minute developed in 3 of them. No 
other arrhythmias were noted during drug in- 
fusions. A maximum dose of sodium nitroprus- 
side of 5.0 wg/kg/min was achieved in 5 pa- 
tients, 3 patients tolerated a maximum of 4.0 
uglikgimin, and 1 patierit tolerated only 1.04 
ugikg/min because of a fall in BP to 65 torr: The 
mean dose of sodium nitroprusside for the 9 
patients was 4.6 ug/kg/min. Seven patients 
were in normal sinus rhythm, 1 patient was 
atrially paced, and 1 had a stable nodal rhythm 
during the study period. 

The increase in, CI from baseline was 
significant for dopamine, sodium nitroprus- 
side, and both drugs together. The HR was sig- 


nificantly increased from baseline for dopamine 
and both drugs, but was essentially unchanged 
during infusion of sodium nitroprusside. The 
stroke volume index increased significantly 
with sodium nitroprusside; the smaller increase 
with dopamine or both drugs was not statisti- 
cally significant. With essentially similar in- 
crements in CI for dopamine and for sodium 
nitroprusside, the RAP was significantly de- 
creased with the latter, but was unchanged 
with the former. The addition of a compara- 
tively small dose of sodium nitroprusside to 
dopamine caused a significant decrease in RAP, 
although the change was less marked than with 
sodium nitroprusside alone. Left atrial pressure 
was significantly decreased for infusions of 
each drug alone, and both combined. Pulmo- 
nary arteriolar resistance index was sig- 
nificantly decreased for all three drug infu- 
sions, although the change in this index was 
more pronounced with sodium nitroprusside 
than for either dopamine or both drugs com- 
bined. Systemic vascular resistance index was 
significantly decreased with sodium nitroprus- 
side and with this drug plus dopamine, while. 
there was no significant change in this index 
with dopamine alone. 


Comment 
Although there are no data on the hemo- 
dynamic effects of either dopamine or sodium 
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Right atrial pressure (RAP), heart rate (HR), cardiac 
index (CI), and pulmonary arteriolar resistance index 
(PARI) for 9 patients after right atrium—pulmonary ar- 
tery bypass. Mean data are shown at baseline with no 
drugs (B), with dopamine at 7.5 ugikgimin (D), with 
sodium nitroprusside up to 5.0 ugikgimin (N), and with 
a combination of dopamine at 7.5 uglkglmin and sodium 
nitroprusside at 1.0 uglkgimin (D + N). 


nitroprusside in. patients after right atrium— 
pulmonary artery bypass, there have been 
several studies related to the effects of these 
drugs in patients in shock or after cardiac oper- 
ation. Stephenson and co-workers [2] stud- 
ied 28 children early after open-heart oper- 
‘ation ‘with ‘infusions of dopamine at 8 ug/kg/ 
min and found that CI and HR increased 
significantly with the infusion, while systemic 
vascular resistance index and pulmonary vas- 
cular resistance index did not change greatly. 
When patients with pulmonary hypertension 
were excluded, there was no significant dif- 


ference in response among subgroups of pa- 
tients based on the type of disease treated sur- 
gically. Lang and associates [1] studied 5 infants 
less than 2 years of age after cardiac operation 
and found that CI, BP, and HR increased 
significantly at doses of dopamine greater than 
10 ug/kg/min. However, there was no change 
noted in atrial pressure, pulmonary vascular re- 
sistance index, systemic vascular resistance 
index, or stroke volume index. Despite 
significant increases in HR associated with 
dopamine infusion reported in these studies, 
others have noted no such increase with infu- 
sions of dopamine up to 30 wg/kg/min [11- 
13]. Miller and co-workers [4] found asig- 
nificant increase in CI in adult patients after 
cardiopulmonary bypass with low-dose dopa- 
mine (approximately 2.5 ug/kg/min); this was 
associated with a decrease in systemic vas- 
cular resistance index but no change in LAP 
(preload). l 

Our data suggest that early after right 
atrium-pulmonary artery bypass, both CI and 
HR will increase significantly without a change 
in RAP during infusion of dopamine. Since 
stroke volume index did not significantly in- 
crease with dopamine, the change in CI would 
seem to be mediated predominantly by an in- 
crease in HR. The fact that RAP did not change 
with infusion of dopamine is not surprising, 
since dopamine does not predictably reduce 
right-sided filling pressures, due to its variable 
vasoconstrictive effects on the venous capaci- 
tance bed [14]. 

Although there is some evidence that do- 
pamine increases pulmonary artery pressure 
[15-18], our data suggest that calculated pul- 
monary arteriolar resistance index will fall 
significantly with infusion of dopamine at 7.5 
pgikgimin after right atrium—pulmonary artery 
bypass. The mechanism by which the pulmo- 
nary vascular resistance is lowered with do- 
pamine in patients after this procedure is un- 
clear. It cannot be determined from our data 
whether the tone of the pulmonary vasculature 
is altered directly or reflexly by dopamine or 
whether the increase in cardiac output causes a 
recruitment of additional pulmonary vascular 
beds to accommodate the increased flow. Pre- 
vious work has shown that in patients without 
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pulmonary hypertension, dopamine infusion at 
5 to 10 wg/kg/min will not alter pulmonary re- 
sistance substantially [2, 19]. However, in chil- 


dren with pulmonary hypertension, dopamine 


in this dose range has caused an increase in 
pulmonary vascular resistance [2]. 

Systemic vascular resistance has been shown 
by some to decrease [3, 18-20] and by others to 
be unchanged [1, 2] during infusion of dopa- 
mine up to as much as 25 weg/kg/min. Sys- 
temic vascular resistance index decreased dur- 
ing infusion of dopamine in our patients after 
right atrium—pulmonary artery bypass, but the 
drop was not statistically significant. 

The patients studied in this report represent a 
carefully selected group with regard to pulmo- 
nary vascular resistance. Relatively stringent 
criteria for operability are necessary in consid- 
ering patients for right atrium—pulmonary ar- 
tery bypass; these criteria include normal 
pulmonary vascular resistance and angiograph- 
ically normal-sized pulmonary arteries accord- 
ing to height and weight. Hence, it is difficult 
to compare these data from patients after right 
atrium—pulmonary artery bypass with other 
data in the literature derived from more het- 
erogeneous patient groups, especially those 
with elevated pulmonary vascular resistances. 

Infusion of sodium nitroprusside resulted in 
a significant increase in CI and a significant de- 
crease in RAP, LAP, BP, pulmonary arteriolar 
resistance index, and systemic vascular resis- 
tance index in our patients. There was no 
change in HR during infusion of sodium nitro- 
prusside; hence the increase in CI primarily 
reflected a significant improvement in stroke 
volume index. Stephenson and co-workers [2] 
found no significant change in CI with greater 
than 3 wg/kg/min of sodium nitroprusside in 
children with normal baseline hemodynamics, 
although pulmonary and systemic vascular re- 
sistances decreased. The greatest drop in pul- 
monary vascular resistance was seen in patients 
who had baseline elevations in this resistance. 
The authors thought that the lack of improve- 
ment with sodium nitroprusside could be re- 
Jated to the fact that, the patients were rot 
volume loaded and did not, have severely de- 
‘pressed, cardiac function. In contrast; Appel- 
baum and co-workers [3] studied 16 infants less 


than 18 months of age with depressed cardiac 
function early after operation and noted a 
significant improvement in CI with infusion of 
sodium nitroprusside. Eight of our 9 patients 
studied after bypass operation had severely de- 
pressed cardiac function, with 6 having a CI of 
less than 2.0 L/min/m?. In all 8 of these patients, 
CI increased with infusion of sodium nitro- 
prusside. One patient in our series had had a 
previous right atrium—pulmonary artery bypass 
procedure with a Dacron conduit and was reop- 
erated on for conduit stenosis. His CI early 
postoperatively was normal with a very low 
pulmonary arteriolar resistance index. Infusion 
of sodium nitroprusside (up to 5 wgikg/min) 
failed to change the CI, although the RAP de- 
creased from 21 to 17 torr. The data in this re- 
port suggest that sodium nitroprusside will 
considerably improve hemodynamics in pa- 
tients early after right atrium—pulmonary artery 
bypass; this effect may be more dramatic in 
those patients with depressed cardiac function 
than in those with more normal function. 
Restoration of intravascular volume during 
infusion of sodium nitroprusside has been 
shown to result in further increments in cardiac 
output [3, 4]. Although the patients after bypass 
had improved cardiac function with signif- 
icantly lower atrial pressures during infusion 
of sodium nitroprusside, we did not evaluate 
restoration of preload to its baseline levels 
during this study. We prefer sodium nitroprus- 
side after right atrium—pulmonary artery by- 
pass, since it lowers RAP and thereby de- 
creases the severity of fluid retention, hepatic 
congestion, ascites, and chest tube drainage. 
Preload restoration to baseline RAP during in- 
fusion of sodium nitroprusside may further 
improve CI. In those individuals with severely 
depressed cardiac function, dopamine infusion 
is added to nitroprusside and preload restora- 
tion. It has become our policy to maintain pa- 
tients after right artrium—pulmonary artery 
bypass on sodium nitroprusside for 24 to 48 
hours to maximize cardiac function at lower 
RAP, and then to convert to oral vasodilating 
agents such as prazosin or hydralazine. It has 
been our observation that aggressive use of 
vasodilators, in both the early postoperative pe- 
riod and the long term may decrease the sever- 
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ity of right heart failure and other problems as- 
sociated with high RAP. 


We acknowledge with appreciation the contribution 
of Mr. Ken Offord, Division of Medical Research 
Statistics, Mayo Clinic, in performing the statistical 
analyses and Ms. Peggy Aspen in preparing the 
manuscript. 
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Discussion 

DR. WOLFGANG BIRCKS (Dusseldorf, West Germany): I 
have one question for Dr. Williams: do you believe 
nitroprusside works directly on the resistance of the 
pulmonary artery tree, or does it only act to decrease 
the left atrial pressure? 


DR. WATTS R. WEBB (New Orleans, LA): Our prefer- 
ence generally has been to administer dopamine and 
dobutamine at a level that would not increase the 
heart rate quite this much, and perhaps add more 
nitroglycerin or nitroprusside. I wonder if the au- 
thors considered using additional nitroprusside to 
get a result more comparable to that achieved when 
the maximum nitroprusside dose of 5 ug was used. 


DR. ROBERT M. SADE (Charleston, SC): We routinely 
use both dopamine and nitroprusside in our patients 
who have right heart bypass, and titrate both drugs 
to the optimal level. It seems to me that this study 
was flawed by reduction of the nitroprusside dosage 
from 5 to 1 ug/kgimin at just the crucial moment, 
when the authors could have demonstrated a strong 
additive effect of the two drugs used together. I 
would like to ask why the nitroprusside dosage i was 
dropped substantially at that point. 

DR. WILLIAMS: I thank the discussants for their com- 
ments. With regard to the first question, I do not 
have an answer to how nitroprusside works. I would 


LAS 
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like to think that it probably has a combination effect 
of acting on the pulmonary circulation and decreas- 
ing the left atrial pressure. 

With regard to Dr. Webb’s comment, I think he is 
correct when he says that perhaps more nitroprus- 
side and less dopamine is a more efficacious way to 
treat this patient population. The present study was 
born out of our inability to clearly define the effects 
of these drugs on this very select group of patients. 

Dr. Sade is absolutely correct in pointing out that, 


in retrospect, obtaining data at a dopamine dosage of 
7.5 ug/kgimin and the maximum nitroprusside dose 
would have been desirable. What we did was to fol- 
low a planned protocol to see if we could alter the 
effect of dopamine with a very small dose of nitro- 
prusside. Dr. Sade’s comment about titration of 
these drugs is probably the key issue; that is, one 
uses nitroprusside and dopamine in a combina- 
tion that will work effectively in a given clinical set- 
ting. 


Functional and Metabolic 


Preservation of the Immature Myocardium 
with Verapamil Following Global Ischemia 


Vaughn A. Starnes, M.D., John W. Hammon, Jr., M.D., 
Flavian M. Lupinetti, M.D., Richard D. Olson, Ph.D., 
Robert J. Boucek, Jr., M.D., and Harvey W. Bender, Jr., M.D. 


ABSTRACT This study investigated the effects of 
_ the calcium antagonist verapamil on the functional 
and biochemical recovery of the immature heart fol- 
lowing 30 minutes of normothermic ischemia. Ver- 
apamil (0.2 mg per kilogram of body weight) was in- 
fused into the aortic root in 5 puppies (8 to 10 weeks 
of age) prior to cardiopulmonary bypass. Five addi- 
tional puppies received saline solution as a control. 


Left ventricular developed pressure, rate of rise of 


left ventricular pressure (dP/dt), left ventricular end- 


systolic pressure-diameter relationship (emax), com- ` 
pliance, and water content were assessed before and | 


after bypass. Serial myocardial biopsies for aden- 
osine triphosphate (ATP) and creatine phosphate 
were obtained. 

Puppies pretreated with verapamil recovered more 
than 80% of the preischemic left ventricular de- 
veloped pressure, dP/dt, and emax in contrast to 50% 
recovery in the controls (p < 0.05). The ATP content 
declined 40% during the interval of ischemia in the 
control puppies, versus 14.6% in the verapamil- 
treated puppies (p < 0.05). Myocardial compliance 
was preserved in the verapamil-treated puppies and 
was associated with significantly less myocardial 
water content (78% versus 80.1% in the controls) (p 
< 0.01). 

This study demonstrates the protective effects of 
verapamil on the immature heart during ischemic ar- 
rest. These results suggest that verapamil may be a 
_ useful adjunct to current methods of protecting the 
infant heart during cardiopulmonary bypass. 
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Infants with congenital heart defects often re- 
quire open-heart operation when they are very: 
young, which necessitates periods of ischemic 
arrest. Since there are developmental dif- 
ferences in the myocardial response to ischemia 
and hypoxia [1], the results obtained from 
studies on ischemic myocardial protection 
using the mature heart may not be applicable to 
the immature heart. 

The calcium antagonists have been reported 
to protect ‘the mature myocardium from isch- 
emic injury [2-9]. The response of the isch- 
emic immature heart to this class of drug is 
unknown, and cannot be extrapolated from 
studies performed with the mature heart be- 
cause developmental differences in calcium 
metabolism are known to exist. These dif- 
ferences are (1) the calcium regulatory function 
of. the sarcoplasmic reticulum [10], (2) the con- 
tractile response to extracellular calcium [11], (3) 
the sarcolemmal Ca** binding properties [12], 
and (4) the postanoxic influx of extracellular cal- 
cium [13]. Therefore, we studied the effects of 
the calcium channel blocker verapamil on the 
functional and metabolic recovery of the im- 
mature heart following 30 minutes of nor- 
mothermic global ischemia. Both functional 
data and serial myocardial biopsies for aden- 
osine triphosphate (ATP) and creatine phos-. 
phate (CP) were determined in an attempt to 
correlate metabolic preservation with func- 
tional recovery. 


Materials and Methods 
Experimental Preparation 
Puppies 8 to 10 weeks of age were selected for 
this study. We have demonstrated previously 
[14] that the myocardial characteristics of the 
puppy at this age differ from those of the adult 


dog. Ten mongrel puppies, 4.0 + 0.8 kg, of both 
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sexes, were anesthetized intravenously with 
sodium pentobarbital, 25 mg per kilogram of 
body weight. The animals were intubated and 
ventilated with 40% oxygen using a Harvard 
ventilator to maintain a partial pressure of arte- 
rial oxygen greater than 100 mm Hg. Polyvinyl 
catheters were inserted into the left atrium and 
left femoral artery and connected to previ- 
ously balanced P23db Statham transducers for 
recording of phasic and mean pressures. 
Throughout the experiment, pH and partial 
pressures of arterial carbon dioxide and oxygen 
were determined frequently (using the In- 
strumentation Laboratories 713 blood gas 
analyzer) and corrected to maintain a pH be- 
tween 7.38 and 7.43, a partial pressure of carbon 
dioxide between 28 and 45 mm Hg, and a par- 
tial pressure of oxygen between 100 and 300 
mm Hg. 

A median sternotomy was performed, and 
the heart was suspended in a pericardial cradle. 
Cannulation for cardiopulmonary bypass was 
completed by using the left subclavian artery 
for aortic perfusion, and the venous blood was 
returned by gravity from the right atrium using 
a single No. 26F cannula. An additional arterial 
cannula was inserted into the left atrium for 
filling of the left ventricle. A Shiley infant 
oxygenator (70A) was primed with 1,500 ml of 
fresh heparinized whole blood and bubbled 
with a gas mixture of 97% oxygen and 3% car- 
bon dioxide. Following systemic hepariniza- 
tion (3 mg per kilogram), systemic flow was 
initiated at 2.2 liters per minute per square 
meter of body surface area to produce a perfu- 
sion pressure of 60 + 5.0 mm Hg. While the 


` puppy was on bypass, the left ventricle was 


vented through the apex. Left ventricular end- 
diastolic and end-systolic pressures were de- 
termined using a Millar PC-350 micro- 
manometer. The rate of rise of left ventricular 
pressure (dP/dt) was determined by electroni- 
cally differentiating the left ventricular systolic 
pressure. A Kimray myocardial temperature 
probe was used to monitor septal temperature. 
The temperature was maintained at 37° + 2.0°C 
throughout the experiment by regulation of the 
inflow temperature from the oxygenator as well 
as external warming and cooling of the heart. 
Ultrasonic dimension crystals were positioned 


across the left ventricular minor axis. Using a 
pulse transit ultrasound dimension system,” in- 
stantaneous left ventricular minor-axis dimen- 
sion was determined [15]. All hemodynamic 
data were recorded on a Brush 480 eight- 
channel recorder. 


Protocol 

Following instrumentation, each puppy was 
randomly assigned to either the control group 
(infusion of saline solution) or the group given 
pretreatment with verapamil, 0.2 mg per kilo- 
gram infused into the aortic root in 50 ml of 
saline solution at a rate of 10 ml per minute, 
prior to cross-clamping of the aorta. The ver- 
apamil infusion transiently produced second- 
degree heart block in all animals; however, each 
animal recovered normal conduction within 2 
minutes of completion of the infusion. Follow- 
ing the aortic infusion of either saline solution 
or verapamil, each animal was allowed 15 min- 
utes to reach a stable condition. Functional 
variables were measured to prior to and 45 
minutes following the 30 minutes of global isch- 
emia. Biopsies for ATP and CP were obtained 
prior to, during, and following the ischemic 


injury. 


Measurements 

LEFT VENTRICULAR FUNCTION. Prior to and 45 
minutes following reperfusion, myocardial 
performance was assessed by peak left ven- 
tricular systolic pressure, dP/dt, percent systolic 
shortening, and emax. The last, emax, was de- 
scribed by Sagawa and colleagues [16] as the 
left ventricular end-systolic pressure-diameter 
relationship that is indicative of the contractile 
state of the myocardium. Furthermore, the au- 
thors asserted that emax is a more reliable 
predictor of contractility because of its inde- 
pendence from preload and afterload [17]. Sys- 
tolic minor-axis diameters were determined by 
the use of the ultrasonic crystals. To further de- 
scribe the mechanical function of the myocardi- 
um before and after the ischemic insult, percent 
systolic shortening was calculated as the change 
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in the minor axis diameter from end-diastole 
to end-systole divided by the end-diastolic 
diameter, and expressed as percent. 

LEFT VENTRICULAR COMPLIANCE. Compliance 
was assessed prior to ischemia and following 
45 minutes of reperfusion. Compliance was 
determined by the end-diastolic pressure- 
diameter relationship during periods of dias- 
tasis as the left ventricle was filled with varying: 
preloads from 0 to 20 mm Hg end-diastolic 
pressure. The’ minor-axis diameter was nor- 
malized to the natural strain through the fol- 
lowing formula: € = (In Xx llo, where e = 
natural strain, 1 = instantaneous length at @ 
given preload, and lo = unstressed minor-axis 
diameter. Thus a pressure-strain relationship 
was computed as the measured compliance of 
the left ventricle. A natural strain definitior 
was used because it does not assume uniform 
deformity along the ventricular wall [18]. 

MYOCARDIAL WATER CONTENT. At the end of 
each study, two myocardial biopsies were 
taken, weighed, and desiccated at 60°C over 
calcium chloride until a stable weight was 
achieved. Myocardial water content was cal- 
culated by the formula (1 — dry weight/wet 
weight) x 100. The average of the two samples 
‘represented the percentage water content of the 
myocardium. 

ADENOSINE TRIPHOSPHATE AND CREATINE 
PHOSPHATE CONTENT. Myocardial biopsies for 
ATP and CP were taken prior to ischemia anc 
then at 15-minute intervals throughout the ex- 
periment, using a Tru-cut biopsy needle. The 
left ventricular free wall biopsies were quickly 
frozen (within one second) by immersion of the 
specimen into liquid nitrogen. The left ven- 
tricular content of ATP and CP was determinec 
by the bioluminescence assay described by Ellis 
and Gardner [19], which is ideally suited for the 
quantitation of ATP and CP from a single nee- 
dle biopsy sample. The protein content was 
determined by the method of Lowry and co- 
workers [20]. Content was expressed as 
nanomoles of ATP or CP per-milligram of dry 
weight and per milligram of protein. 


Statistics 
Data are expressed as mean + standard error o. 
the mean. The data were analyzed using the 


two-tailed Student’s test for paired and un- 
paired data, and were considered significant at 
p < 0.05. 


Results 

Effect of Verapamil Administration 

After 15 minutes, the administration of ver- 
apamil (0.2 mg per kilogram) produced no sig- 
nificant effect on left ventricular developed 
pressure, dP/dt, heart rate, or percent systolic 
shortening (Table 1). 


Left Ventricular Performance 

Table 2 depicts left ventricular performance 
measured before and after ischemia in the con- 
trol and verapamil-treated animals. There was 
significant reduction in left ventricular pres- 
sure, dP/dt, emax, and percent systolic short- 
ening in the control group following ischemia. 
Of those variables of left ventricular function 
measured, the recovery of function was sig- 
nificantly greater in the verapamil group (p < 
0.05). This is graphically demonstrated in Fig- 
ure 1, where percent recovery of left ventricular 
function is compared between groups. 


Left Ventricular Compliance and Water Content 
Following 30 minutes of normothermic isch- 
emia, compliance was significantly dimin- 
ished (p < 0.05) in the control group but not 
in the verapamil-treated group (Table 3). Thus, 
following the ischemic injury, the puppies 
without pretreatment with verapamil had a 
less compliant ventricle, as reflected by the 
pressure-strain relationship. This reduction in 
compliance was associated with changes in 
myocardial water content. Puppies pretreated. 
with verapamil had a myocardial water content 
of 78.0 + 0.5%. In comparison, the puppies 
without verapamil pretreatment had a myocar- 
dial water content of 80.1 + 0.5%, which was 
significantly greater (p < 0.01) than that of the 
verapamil-treated puppies (Fig 2). 


Myocardial Content of Adenosine Triphosphate 
and Creatine Phosphate 

Each heart was serially biopsied for ATP and 
CP. Prior to ischemia, the ATP content of all 
hearts was not statistically different. During the 
ischemic interval, the ATP content declined 
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Table 1. Effect of Administration of Verapamil prior to Bypass 





Variables Before (N = 5) After (N = 5) p Value 
LVP (mm Hg) 126.0 + 28.15 120.0 + 15.20 NS 
dP/dt (mm Hg/sec) 2,534 + 366 2,391 + 325 NS 
HR (bpm) 141 + 20 140 + 22 NS 
Al (%) 19.2 + 2.1 17.8 + 2.3 NS 


LVP = maximum left ventricular pressure; dP/dt = maximum first derivative of left ventricular pressure; HR = heart rate; 
bpm = beats per minute; Al (%) = percent systolic shortening of the minor-axis diameter; NS = not statistically signifi- 
cant. 


Table 2. Comparison of Left Ventricular Performance before and after 30 Minutes of Ischemic Arrest 


Control (n = 5) Verapamil (n = 5) 


Variables Before After p Value Before After p Value 

LVP (mm Hg) 141.4 + 6.3 77.2 +43.5 <0.001 126.0 + 13.0 103.6 + 1.9 <0.05 

dP/dt 3,290 + 143 1,530 +231 <0.005 | 2,534 + 366 2,142 +260 NS 
(mm He/sec) t 

emax 27.0 £ 4,7 14.5 + 3.6 <0.005 23.11 + 4.61 18.95 + 3.7 <0.05 

Al (%) 20.7 + 1.4 16.2 £ 2.3 <0.02 17.8 + 2.3 19.5 + 2.5 NS 


LVP = maximum left ventricular pressure; dP/dt = maximum first derivative of left ventricular pressure; emax = index of 


contractility; Al (%) = percent systolic shortening of the minor-axis diameter; NS = not statistically significant. 


bo E = CONTROL significantly (p < 0.05) in the control group. In 
ea Z VERARAMIE contrast, puppies pretreated with verapamil 
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Fig 1. Percent recovery of preischemic left ventricular 
function following 45 minutes of reperfusion. (LV = left 
ventricular; LVP = maximum left ventricular pressure; 
DPidt = first derivative of left ventricular pressure; 
eMAX = pressure-diameter relationship indicating 
contractility.) 





demonstrated minimal decline in ATP content 
during the period of ischemia (p = not signifi- 
cant) (Fig 3). During the initial 30 minutes of re- 
perfusion, all hearts were in the empty-beating 
state that allowed recovery of the myocardial 
ATP content. When bypass was discontinued 
and the animals were required to support their 
own circulation, however, ATP content de- 
clined again in the control group whereas ver- 
apamil prevented this reduction in ATP (see Fig 
3). 

The CP content was not statistically different 
in all hearts prior to ischemia. Following 15 
minutes of ischemia, the content had declined 
significantly in the control group. During this 
same interval, the CP content in animals pre- 
treated with verapamil did not demonstrate a 
significant decline (Fig 4). On reperfusion, the 
CP content in both groups exhibited a rebound 
phenomenon, the content exceeding the base- 
line measurement (see Fig 4). Throughout the 
reperfusion period, the CP content was greater 
in the verapamil-treated animals. 
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Table 3. Left Ventricular Compliance before and after Ischemia 


Control (n = 5) 


Verapamil (n = 5) 





LVEDP ; 

(mm Hg) Before è After? p Value Before? After? p Value 
5 0.19 + 0.06 0.09 + 0.01 <0.05 0.16 + 0.06 0.14 + 0.02 NS 

10 0.24 + 0.07 0.14 + 0.04 <0.05 0.21 + 0.04 0.19 + 0.03 NS 

15 0.26 + 0.07 0.16 + 0.04 <0.05 0.22 + 0.05 0.20 + 0.03 NS 

20 0.27 + 0.07 0.17 + 0.04 <0.05 0.22 + 0.05 0.22 + 0.03 NS 





*Data given as the normalized minor-axis diameter according to the natural strain definition. 
LVEDP = left ventricular end-diastolic pressure; NS = not statistically significant 
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Fig 2. Myocardial water content in the controi and 
verapamil-treated puppies after 30 minutes of ischemic 
arrest and one hour of reperfusion. 
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Fig 3. Adenosine triphosphate (ATP) content versus’ 
time in the control and verapamil-treated animals. The 
first 30 minutes represent the ischemic interval, fol- 
lowed by 60 minutes of reperfusion. Data are repre- 
sented as mean + standard error of the mean. (prot = 
protein.) 
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Fig 4. Creatine phosphate (CP) content versus time in 
the control and verapamil-treated animals. The first 30 
minutes represent the ischemic interval followed by 

60 minutes of reperfusion. Data arè represented 

as mean + standard error of the mean. (<> = overlap- 
ping data point; prot = protein.) 


Comment 

In the present study, pretreatment with ver- 
apamil improved the functional recovery of the 
immature heart following 30 minutes of nor- 
mothermic ischemia. Unique to the present 
study was the dose of verapamil used and the 
route of administration. Verapamil was ad- 
ministered into the aortic root prior to cross- 
clamping at a dose of 0.2 mg per kilogram. This 
dose produced a transient depression of cardiac 
function that returned to baseline following 
systemic redistribution of the drug (see Table 
1). Preliminary data from our laboratory sug- 
gest that the same dose of verapamil, admin- 
istered peripherally, does not afford ischemic 
protection. Thus the dose of verapamil 


A 
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used protected the immature heart from isch- 
emic damage without resulting negative ino- 
tropic effects. Puppies pretreated with ver- 
apamil (0.2 mg per kilogram) recovered more 
than 80% of the preischemic systolic function 
(left ventricular pressure, dP/dt, emax) in con- 
trast to 50% recovery in the control animals (p 
< 0.05). Correlated with the improved recovery 
of mechanical function was the preservation of 
ATP content in the puppies pretreated with 
verapamil. As a group, the verapamil-treated 
animals retained 85.4% of their initial ATP 
content following 30 minutes of normothermic 
ischemia. This is in contrast to the 60.0% of the 
initial ATP content after 30 minutes of ischemia 
noted in the control animals. It has been ob- 
served in adult animals that ATP content is pre- 
served using a slow channel calcium blocker 
[2-6]; however, to the best of our knowledge, 
this is the first study in immature animals. 

In addition to the systolic variables of 
myocardial preservation, the diastolic property, 
compliance, was assessed. In the present study, 
compliance was significantly diminished in the 
control animals, whereas the animals pre- 
treated with verapamil did not demonstrate a 
significant diminution in compliance. There are 
many factors responsible for a stiff, less com- 
pliant ventricle following an ischemic insult 
[21]. Of these, myocardial edema formation has 
been frequently studied [22, 23]. The myocar- 
dial water content of animals pretreated with 
verapamil was significantly less (p < 0.01) than 
that of the control animals, 78.0% versus 
80.1%. The reduction of myocardial edema 
formation by verapamil paralleled the noted 
improvement in compliance. 

Another factor that may play a role in the re- 
duction of compliance following ischemia is an 
increase in intracellular calcium. The role of cal- 
cium as it relates to the diastolic properties of 
the ventricle is poorly understood.. However, 
there are cellular-related events to make plausi- 
ble the association between increased intracel- 
lular calcium and decreased compliance. Dur- 
ing ischemia there is (1) a net influx of Ca*t into 
the cell [24], (2) increased cross-bridging of 
actin and ‘myosin (ischemic rise in resting 
tension) [25], and (3) increased utilization of 
high-energy phosphates [26]. On reperfusion, 


these ischemic processes are accentuated and, 
in the extreme instance, a heart in rigor—stone 
heart—results [27]. Verapamil has been shown 
to increase compliance [28] and to decrease the 
influx of Catt during ischemia and on reperfu- 
sion [26]. In the present study, puppies pre- 
treated with verapamil retained their preisch- 
emic diastolic properties. By inference, this 
study suggests that the noted improvement in 
myocardial compliance of animals pretreated 
with verapamil was associated with postisch- 
emic calcium metabolism. 

In summary, this study demonstrates that 
verapamil has a beneficial effect on the systolic 
and diastolic properties of the immature heart. 
Furthermore, the functional recovery of the 
immature heart was associated with the preser- 
vation of high-energy phosphates during the 
ischemic interval. This study suggests that ver- 
apamil may be a useful adjunct to current 
methods of protecting the infant heart during 
ischemic arrest. 
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Discussion 

DR. RICHARD E. CLARK (St. Louis, MO): This study 
was well presented by Dr. Starnes, and I am pleased 
to have company in exploring the uses of calcium 
antagonists for improved myocardial preservation. 
Five years ago, we made our initial presentation be- 
fore this Society demonstrating that nifedipine has a 
strong myocardial protective effect. Today Dr. 
Starnes has shown that another calcium blocker, ver- 
apamil, is also protective. 

Our experience to date with isolated rabbit hearts, 
in situ dog hearts, and patients suggests hat most of 
the calcium antagonist drugs have a narrow dose/ 
response curve. Thus, a dose curve must be estab- 
lished with the particular vehicle being used, under 
conditions that simulate operating room practices, 
Fortunately, the effects of both nifedipine and ver- 
apamil can be reversed with calcium chloride, al- 
though the heart may be more sensitive to ionized 
calcium. If overdosage is suspected, calcium chloride 
should be given in dilute form in small incremental 
doses. i 

I have two questions for Dr. Starnes. First, on the 
basis of your work so far, have you obtained any 
dose/response data in terms of either biochemical or 
hemodynamic variables? And second, at the dosage 
used, did you have to pace the hearts in the post- 
ischemic phase, since verapamil has a known af- 
finity for the conduction system? 


DR. CLAUDE M. GRONDIN (Montreal, Que, Canada): I 
too wish to congratulate the authors cn their fine 
work, but I rise primarily to comment on Dr. Clark’s 
remarks concerning the possibility of asystole and 
heart block following the use of calcium entry block- 
ers as cardioplegic agents. This has not been the 
case in our experience using diltiazem in nearly 50 
patients. Heart block does occur upon electrical de- 
fibrillation but responds to pacing and does not per- 
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sist much beyond the cessation of bypass, so that 
none of our patients required pacing upon leaving 
the operating room. This may be due to the fact that 
diltiazem differs from nifedipine in its effects on 
atrioventricular conduction, or perhaps because we 
did not add the blocker to a hyperkalemic solution 
(thus, in effect, not blocking both slow and fast cur- 
rent channels) but rather used it as the sole cardio- 
plegic agent, dissolved in Ringer’s lactate (KCI, 4 
mEq/L). 


DR. ERIC JAMIESON (Vancouver, B.C., Canada): I also 
wish to congratulate Dr. Starnes and to give support 
to the use of calcium antagonists with cardioplegia. 
We have used a canine model to evaluate routine 
hyperosmolar hyperkalemic crystalloid cardioplegia, 
and compared it with the addition of verapamil. We 
found about a 10 to 20% reduction in ventricular 
function with routine crystalloid cardioplegia with 
no depression in function when verapamil was 
added. 

With regard to dose, we have not noted the prob- 
lems Dr. Clark identified. We have used a verapamil 
dose of 107° M, which is 1 mg per liter of cardioplegic 


solution. We certainly are very interested in the cal- 
cium antagonists, and lend our support to their use. 


ER. sTARNES: I thank the discussants for their com- 
ments. In response to Dr. Clark’s question concern- 
ing the dose of verapamil selected, a dose/response 
curve was performed such that ischemic protection 
was maximized without depressing the preischemic 
myocardial function. We have found that 0.2 mg/kg 
of verapamil injected into the aortic root causes little 
myocardial depression. In fact, no differences were 
noted in heart rate, developed ventricular pressure, 
or dp/dt following 10 minutes of recirculation after 
the drug infusion. 

Dr. Grondin, I would echo your support for the 
calcium antagonists as adjunctive agents to current 
methods of cardiac protection. We have demon- 
strated that the calcium antagonist verapamil can be 
safely used on immature hearts, as it has been on 
adult hearts. 

The emphasis of research on myocardial protection 
has focused on the ischemic interval. As we learn 
more about reperfusion injury, the role of the cal- 
cium antagonists as myocardial protective agents will 
be further elucidated. 


Notice from the American Board of Thoracic Surgery 


The American Board of Thoracic Surgery now 
requires that candidates pass both the written 
and oral portions of the certifying examination. 
In 1980 and thereafter, a written examination 
will be given prior to the oral examination. It 
will be necessary to pass the written examina- 
tion before the oral examination can be taken. 
The closing date for registration for 1983 is Au- 
gust 1, 1982. The exact times and places of these 
examinations will be announced later. 


A candidate applying for admission to the 
1983 certifying examination must fulfill all the 
requirements for the Board in force at the time 
the application is received. 

Please address all communications to the 
American Board of Thoracic Surgery, 14640 E 
Seven Mile Road, Detroit, MI 48205. 


Clinical Staging 


and the Tendency of 


Malignant Pleural Mesotheliomas to Remain Localized 


Russell J. Nauta, M.D., Robert T. Osteen, M.D., 
Karen H. Antman, M.D., and J. Kenneth Koster, M.D. 


ABSTRACT Thirty-two patients who had been 
treated for diffuse, malignant pleural mesotheliomas 
were retrospectively staged according to the system 
of Butchart. Nineteen of the 26 patients who were 
seen with disease confined to one hemithorax have 
died. Twelve patients died without progression to a 
higher clinical stage, and only 1 patient died of sys- 
temic metastases. Nineteen of the 32 patients died of 
local tumor invasion. Regimens containing Adria- 
mycin (doxorubicin hydrochloride) appeared to 
prolong the survival of patients with epithelial-type 
tumors. Combination chemotherapy, designed to 
` treat soft-tissue sarcomas, produced only partial re- 
sponses in a small number of patients. 


Malignant pleural mesotheliomas arise from a 
tissue that is difficult to resect. Except for the 
diaphragmatic surface, the parietal pleura can 
be removed easily, but the lung must be sac- 
rificed in order éo resect the entire visceral 
pleura. Mesothelioma is a rare tumor. The clini- 
cal diagnosis is often confused with infections 
or metastases from other organs to the pleura. 
Histologically, the tumor may resemble a soft- 
tissue sarcoma or an adenocarcinoma. The rar- 
ity of the tumor, the difficulty of diagnosis, the 
poor prognosis, and the magnitude of the oper- 
ation required to resect the entire pleura have 
made mesothelioma a challenge for modern on- 
cology; palliative therapy has become the rule. 

The incidence of mesotheliomas appears to 
be increasing, probably as a result of increased 
exposure to asbestos during and after World 
War H [1-4]. It has been predicted that the dis- 
ease will increase during the next twenty to 
thirty years, until the effects of regulatory 
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legislation initiated in the early 1960s are felt 
[1-5]. The series of patients discussed here was 
reviewed to determine those features of the dis- 
ease that might be important for planning 
therapy. 


Material and Methods 

The medical records and radiographs of 32 pa- 
tients who were treated for diffuse, malignant 
pleural mesotheliomas at the Brigham and 
Women’s Hospital and the Sidney Farber 
Cancer Institute between February, 1963, and 
February, 1980, were reviewed. Patients were 
classified retrospectively according to the stag- 
ing system suggested by Butchart and associates 
[6]: Stage I—tumor confined to the ipsilateral 
pleura, lung, and pericardium; Stage I— 
invasion of the chest wall and mediastinum; 
Stage IlI—penetration of the diaphragm or 
lymph node metastases; Stage IV—distant 
metastases. Hospital records were reviewed to 
evaluate the adequacy and effectiveness of 
diagnostic techniques, the staging system, the 
results of treatment, and the cause of death. 


Results 


Age and Sex 

Twenty-five men and 7 women were treated. 
The peak incidence of the disease was during 
the sixth decade of life. Men had occupational 
exposure to asbestos more frequently than did 
women, 60% and 28%, respectively. The me- 
dian survival for the entire group was 12 
months. The median survival for women was 34 
months and for men, 10 months. The longer 
survival of women could not be explained by 
difference in stage at presentation, since the 
incidence óf men and women in each stage 
was equal. In Stage I, there were 10 men (40%) 
and 3 women (43%); in Stage II, 10 men and 
3 women; in Stage III, 3 men (12%) and no 
women; and in Stage IV, 2 men (&%) and 1 
woman (14%). 
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Table 1. Relationship between Symptoms 
and Stage® 





Stage 
Symptom? I I Il IV 
Pain 9 10 1 2 
Dyspnea 6 7 2 1 
Pain + dyspnea 2 5 0 0 


aNumbers are numbers of patients. 
PAI patients had pain or dyspnea. 


Table 2. Initial Symptoms and Survival of Patients 
with Pleural Mesothelioma 


No. of Median survival 
Symptom Patients (mo) 
Dyspnea 17 19 
Chest pain 20 14 
Dyspnea + pain 7 19 
Symptoms 


All patients had pain or dyspnea, and some had 
both symptoms. Symptoms correlated with 
neither the stage of disease (Table 1) nor survi- 
val (Table 2). The slight differences in survival 
presented in Table 2 are not statistically sig- 
nificant, possibly because of the small number 
of patients in each category. 


Diagnostic Procedures 

Examination of pleural fluid samples from 26 
patients yielded only two definitive diagnoses 
of mesothelioma. Two specimens were 
“suggestive of mesothelioma” and three were 
interpreted as “malignant tumor.” Four defi- 


- nitive diagnoses of mesothelioma were ob- 


tained by needle biopsy of the pleura. 
Twenty-four patients (75%) required open 
biopsies, including nineteen thoracotomies and 
two pericardial explorations, to establish the 
diagnosis. Two patients were thought to have 
soft-tissue sarcomas, until the diagnosis of 
mesothelioma was established at postmortem 
examination. Treatment was delayed for more 
than 2 months by uncertain diagnoses in 7 pa- 
tients. In each instance, the delay was caused 
by inconclusive pathological findings and 
hesitation to subject the patient to an open 
biopsy. 


Histology 

The survival of patients in this series is com- 
pared in Table 3 with that in two other se- 
ries according to histological subtype of the 
mesothelioma and the treatment given. Unlike 
the other two series shown in that table, our 
patients with epithelial tumors had a shorter 
survival than patients with the other two his- 
tological subtypes. 


Table 3. Survival by Histological Subtypes and Treatment in Three Series of Patients 


Series Histology 
Brigham and Women’s Hospital Epithelial 
+ Sidney Farber Cancer Epithelial 
Institute [present report] Sarcomatous + 
mixed 
Sarcomatous + 
mixed 
Memorial [9] Epithelial 
Epithelial 
Sarcomatous 
Sarcomatous 
Newcastle upon Tyne [6] Epithelial 
Sarcomatous 


No. of Survival 

Treatment Patients (mo) 
Resection 7 7 (median) 
Irradiation 4 8, 8, 21, 145 
Resection 3 3, 14,15 
Irradiation 4 11, 34, 54, 53 
Resection 17 21 (median) 
Irradiation 15 8 (median) 
Resection 16 11 (median) 
Irradiation 7 9 (median) 
Pleuro- 9 16 (median) 

pneumonectomy 
Pleuro- 11 4 (median) 


pneumonectomy 
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Table 4. Results of Various Therapies in 37 Patients 


Operation 


Pleurectomy 

Limited pleurectomy 
Pleurectomy 

NA 

NA 

NA 

NA 

NA 


NA 


NA 
NA 


NA 
NA 
NA 
NA 


Limited pleurectomy 
+ chest wall 
resection 


Limited pleurectomy 
x 3 


NA 


. NA 


NA 


Resection of 
pleural nodules 
Limited pleurectomy 
+ pericardiectomy 
Limited pleurectomy 


Limited pleurectomy 
+ resection of 
chest wall nodule 


Decortication 
NA 
NA 
NA 
NA 
NA 
NA 
NA 


Radiation 
Therapy 


NA 
NA 
NA 
4,400 Rads 
4,400 Rads 
5,000 Rads 
? Amount 
NA 


NA 


NA 
NA 


NA 
NA 
NA 
NA 
3,000 Rads 


5,000 Rads 
x 2 


Gold seeds 


6,000 Rads 


4,400 Rads 


NA 
NA 
NA 


5,000 Rads 


1,500 Rads 
NA 
NA 
NA 
NA 
NA 
NA 
NA 


Chemotherapy 
NA 


NA 
VCR, A, 
M + CF 
VCR, A, 
M + CF 
Cc, A, D 
VCR, A, 
M + CF 
c,A,D 
A, AD32 
Cc, A, D 
C, vinblastine 
NA 


NA 


Hydroxyurea 
mitomycin-C 

C, A,D, 
methotrexate, 
5-fluorouracil, 
cis-platinum 
CCNU 

C, A, D, 
methotrexate, 


Neocarcinostatin 


VCR, A, 
M + CF 
C,A, D 


Cis-platinum, 
CCNU 
c,A,D 


Cc, A, D 
NA 
NA 
NA 
NA 
NA 
NA 
NA 


Presenting 
Stage 


pmo2wgde = 


Histology 


Mixed 
Sarcomatous 
Epithelial 
Epithelial 
Epithelial 
Sarcomatous 
Epithelial 
Epithelial 


Epithelial 


Epithelial 
Sarcomatous 


Mixed 
Epithelial 
Sarcomatous 
Epithelial 
Epithelial 


Mixed 


Epithelial 


Mixed 


Sarcomatous 


Epithelial 
Sarcomatous 
Epithelial 


Epithelial 


Epithelial 
Epithelial 
Epithelial 
Epithelial 
Epithelial 
Mixed 
Sarcomatous 
Mixed. 





NA = not applicable; VCR = vincristen; A = Adriamycin (doxorubicin hydrochloride); M + CF = high-dose methotrexate 
+ citrovorum factor; C = cyclophosphamide; CCNU = methyl chloroethyl cyclohexyl nitrosourea; D = dimethyl- 


triazenoimidazole carboximide. 


*Alive. 
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Results of Therapy 
Patients were treated on an individual basis 
with various combinations of surgical inter- 
vention, radiation therapy, and cytotoxic 
drugs. No single treatment plan was followed. 
Operative intervention was confined to diag- 
nostic biopsies and limited resections with no 
pleuropneumonectomies. Chemotherapy usu- 
ally was given for gross disease, when the in- 
duction of complete remission was unlikely. 
The results of treatment are shown in Table 4. 
Eight patients received a chemotherapy 
regimen including Adriamycin (doxorubicin 
hydrochloride), 50 mg/m? on day 1, cyclophos- 
phamide, 600 mg/m? on day 2, and imidazol- 
carboximide, 4,000 mg/m? on days 1 and 2, re- 
peated every 21 days. This regimen was begun 
in 1975, in the belief that mesotheliomas should 
be treated as if they were soft-tissue sarcomas. 
With that regimen, 3 patients experienced par- 
tial remission, 2 patients had progression, and 
3 patients had stable disease for a brief period. 
The only suggestion of an effect on survival was 
seen in patients with epithelial tumors. Seven 
patients with epithelial tumors treated with 
Adriamycin-containing regimens had a median 
survival of 19 months, compared with a median 
survival of 7.5 months for the 12 patients with 
epithelial tumors who received either chemo- 
therapy regimens that did not include Adria- 
mycin or no chemotherapy at all. 


Stage Progression and Cause of Death 

Nineteen of the 26 patients who were seen with 
disease confined to one hemithorax (Stage I or 
Il) died. Twelve died without clinical evidence 
of progression to a higher clinical stage, and 
only 1 patient died of systemic metastases. 
Progression from Stage I, II, or II to a higher 
stage was observed in 8 of 22 patients with 
Stage I, II or II and epithelial or mixed histol- 
ogy and 3 of 7 patients with sarcomatous his- 


‘tology. Nineteen patients died of local tumor 


invasion causing respiratory obstruction and 
sepsis. Local tumor invasion was complicated 
by cardiac toxicity from Adriamycin in 1 pa- 
tient, and radiation pneumonitis in another. 


Comment 
The preponderance of men and the longer sur- 
vival of women in our series are striking. 


Estrogen-receptor protein was not measured in 
any of the tumors reported here nor has it been 
reported by other investigators. The tendency 
of men to receive a heavier occupational ex- 
posure to asbestos raises the possibility of a 
relationship between survival and dose of 
the inducing agent. 

The tendency of the tumor to remain local 
was demonstrated by the lack of progression in 
clinical stage and by the predominance of local 
complications as the cause of death. It is obvi- 
ous that survival will not be improved unless 
more effective local control is obtained. The 
suggestion by Gottlieb and associates [7] to treat 
mesothelioma as a type of soft-tissue sarcoma 
because of its mesenchymal origin is con- 
tradicted by the tendency of mesotheliomas 
to spread locally rather than to metastasize as 
do soft-tissue sarcomas. If local control im- 
proves, then metastatic disease may become a 
more predominant feature of the disease. 

In most instances, a thoracotomy will be re- 
quired to establish the diagnosis. Since aggres- 
sive resections usually should be avoided for 
metastatic tumors and because the diagnosis of 
mesothelioma by frozen section may be dif- 
ficult, it may be necessary to await interpreta- 
tion of a permanent histological section before 
proceeding with definitive therapy at a second 
thoracotomy. 

Butchart and co-workers [6] reported the 
treatment of 29 patients with pleuropneu- 
monectomy. Patients were selected for stage 
and histological subtype, with pleuropneu- 
monectomy reserved for patients with epithe- 
lial disease classified as Stage I. DeLaria and 
colleagues [8] reported 2 disease-free sur- 
vivors at two and four years among 11 patients 
treated with radical extrapleural pneumonec- 
tomy. Both long-term survivors had epithe- 
lial-type tumors. Wanebo and associates [9] 
also reported longer survival of patients with 
epithelial tumors treated by resection compared 
with resected sarcomatous tumors. These re- 
perts suggest that resection may more favorably 
affect the course of epithelial tumors, but the 
number of patients treated by aggressive local 
therapy is still small and the natural histories of 
the different tumor subtypes are not known. 

The role of adjuvant radiation therapy is not 
well defined. In a nonrandomized series com- 
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paring operative intervention with radiation 
therapy, the survival of patients who had radi- 
ation treatment was inferior to that of patients 
who underwent resection [9]. External beam or 
implant radiation, appropriately combined 
with resection, may affect survival [10, 11]. The 
geometric problem of treating the entire pleural 
surface with a uniform dose of radiation may 
impose practical limits on the use of radiation 
therapy. 

The partial responses seen in 5 of 13 patients 
treated with Adriamycin-containing regimens 
and ‘the apparently improved survival of pa- 
tients with the epithelial subtype who received 
Adriamycin both indicate that the drug has an 
effect on the tumor. The potential for improved 
survival, by means of surgical resection by 
pleuropneumonectomy, with radiation therapy 
to sites of residual disease combined with ad- 
juvant Adriamycin, is under investigation at 
the Sidney Farber Cancer Institute. 
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Control of Postcardiotomy Bleeding with PEEP 


William S. Hoffman, M.D., Donald N. Tomasello, M.D., 


and Horace MacVaugh, M.D. 


ABSTRACT One hundred consecutive patients un- 
dergoing open-heart operation were selected for in- 
vestigation of the prophylactic and therapeutic use 
of positive end-expiratory pressure (PEEP) to control 
postoperative bleeding. Five cm of PEEP was 
applied after placement of sternal wires. Patients 
who bled more than 200 ml per hour were treated 
with increasing increments of PEEP until hemor- 
rhage terminated or reoperation was required. 

After 8 hours, the total blood loss per patient was 
281 ml for the PEEP group versus 340 ml for the con- 
trols (p > 0.05). Other variables showed no signifi- 
cant differences. 

Fifteen patients bled an average of 406 ml (range, 
242 to 991 ml) in the first hour in the intensive care 
unit; they formed the PEEP treatment group. In all 
patients bleeding decreased to less than 60 ml per 
hour within 3 hours. No complications of PEEP oc- 
curred, and no patient required reoperation to con- 
trol hemorrhage. 


Major bleeding following open-heart operation 
is still a significant problem facing the cardiac 
surgeon. It is discouraging to have completed a 
successful open-heart procedure only to find 
reoperation necessary several hours later to 
control continuing hemorrhage. Rates of reop- 
eration for bleeding vary from 1 to 6% in the 
surgical literature [1, 2]. While at least one 
study has suggested that reoperation does not 
affeċt the final results [2], increased bleeding 
leads to hemodynamic instability; the need for 
transfusion and its associated risk of hepatitis 
cannot be dismissed as trivial. 

The purpose of this study was to investigate 
the utilization of positive end-expiratory pres- 
sure (PEEP) for control of bleeding. Two sepa- 
rate techniques in the application of PEEP were 
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evaluated: first, the use of PEEP prophylacti- 
cally to decrease the bleeding that normally 
follows an open-heart procedure and second, its 
use as treatment for those patients diagnosed as 
having massive hemorrhage postoperatively. 


Materials and Methods 
One hundred consecutive patients who had not 
had a previous open-heart operation were 
randomized for the study of bleeding and 
prophylactic use of PEEP. Patients with even- 
numbered birth dates had 5 cm of PEEP applied 
as soon as their sternal wires were tightened. 
PEEP was maintained for 8 hours or until the 
patient was extubated. Patients with odd- 
numbered birth dates were treated in the 
routine fashion and served as controls. In all 
patients, heparinization was reversed with 
protamine until the activated clotting time had 
returned to baseline values. Abnormalities in 
platelet counts, prothrombin times, or partial 
thromboplastin times were corrected only if 
bleeding persisted in the surgical intensive care 
unit. Hypertension was treated aggressively 
with nitroprusside in all patients. The volume 
of blood collected in the chest-tube drainage 
system was totalled at 1 hour and 8 hours. The 
number of hours required for -bleeding to de- 
crease to less than 40 ml per hour was measured 
for each individual. The preoperative hemoglo- 
bin level was compared with the hemoglobin 
level on the morning of the first postoperative 
day. All patients were closed by the same three 
surgeons using the same techniques. ee 
Once in the surgical- intensive care unit, a . 
patient bleeding more than 200 ml per hour was 
transferred from the prophylactic PEEP protocol 
to the treatment arm of the study. Abnor- 
malities in clotting variables were corrected. 
PEEP was applied in 5 cm increments-every fif- | 
teen minutes until bleeding decreased; car- 
diovascular compromise occurred, or 20 cm of 
PEEP was reached. Hypotension was treated by 
decreasing the level of PEEP by 10 cm, restoring 
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the vascular volume, and gradually reapplying 
higher values of PEEP. Reoperation was con- 
sidered indicated if bleeding persisted 3 hours 
after 20 cm of PEEP had been reached. The ex- 
perimental protocol was approved by the hos- 
pital research review committee and informed 
consent was obtained from all patients. 


Results 

Prophylactic PEEP 

Forty-one patients were randomized to receive 
prophylactic PEEP at the end of the surgical 
procedure. Fifty-nine patients served as con- 
trols. Seven of the PEEP patients and 8 controls 
bled at a rate of more than 200 ml per hour in 
the first hour and therefore were transferred 
from the prophylactic PEEP protocol to the 
treatment group. The difference in frequency of 
excessive bleeding in these two groups was not 
statistically significant. The remaining 85 pa- 
tients were used to study the effects of 
prophylactic PEEP on bleeding. 

After 1 hour in the surgical intensive care 
unit, the patients receiving prophylactic PEEP 
bled an average of 114 ml; controls bled an 
average of 132 ml, a difference not statistically 
significant. After 8 hours, however, the PEEP 
group had bled an average of 281 ml, whereas 
the value for controls was 340 ml (p < 0.05). 
The total number of hours until bleeding had 
decreased to less than 40 ml per hour was not 
significantly different between the two groups 
(2.2 hours in PEEP patients versus 2.7 hours in 
controls). 

Eighty-one of the 85 patients (95%) received 
no transfusions. The average change in hemo- 
globin level on the morning following oper- 
ation in this group of patients was not statis- 
tically significant: 3.7 gm per 100 ml in the 
PEEP group versus 3.9 gm per 100 ml in the 
controls. 


Therapeutic PEEP 

Fifteen patients bled at a rate exceeding 200 ml 
per hour and were entered into the treatment 
protocol. The actual blood loss at the end of the 
first hour (range, 242 to 991 ml) may underesti- 
mate the true rate of hemorrhage because in 
most patients the increased rate of bleeding 
was readily apparent at the termination of the 


operation, and treatment was begun imme- 
diately. All hypertensive patients were treated 
aggressively with nitroprusside to return 
the blood pressure to preoperative levels, or 
as much as 10% below preoperative levels. 
Urine output was always maintained at levels 
greater than 0.5 ml per kilogram of body weight 
per hour. A coagulation profile was obtained on 
each patient upon admission to the surgical in- 
tensive care unit, and in all patients in the PEEP 
treatment group, abnormal values were cor- 
rected with protamine, fresh-frozen plasma, or 
platelets, as indicated. 

All patients were given a tidal volume of 15 cc 
per kilogram. PEEP was applied in increments 
of 5 cm. One patient needed only 5 cm to con- 
trol bleeding, 6 patients required 10 cm, 3 pa- 
tients required 15 cm, and 5 patients were 
placed on 20 cm of PEEP. No complications sec- 
ondary to PEEP occurred. Pneumothorax was 
not detected on serial chest roentgenograms, 
and no evidence for barotrauma could be found 
on chest roentgenograms or arterial blood 
gases. 

Hemorrhage was controlled in all patients 
within 4 hours of admission to the surgical in- 
tensive care unit, and in most within an hour of 
the application of PEEP. After the bleeding had 
slowed to less than 60 ml per hour for two con- 
secutive hours, PEEP was decreased in 5 cm in- 
crements each hour until it was terminated. No 
patient started to bleed again as PEEP was dis- 
continued. None of the 15 patients required 
reoperation for bleeding at any time in their 
hospital course. 


Comment 

Hemorrhage following open-heart operation is 
an infrequent but potentially serious complica- 
tion [3]. The rates of reoperation for excessive 
bleeding differ considerably in the United 
States and are thought to be related to excessive 
heparinization, the experience of the operat- 
ing surgeon, the duration of cardiopulmonary 
bypass, and the nature of the patient's disease 
[1, 4, 5]. While one study suggests that reentry 
does not increase the hospital mortality [2], 
others disagree [4]. A reoperation for bleeding 
is clearly time-consuming as well as costly, and 
the associated increased rate of transfusion 
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leads to an increased risk of hepatitis [6]. A 
higher incidence of wound infection as well as 
other serious complications has also been 
suggested [4]. 

The concept of using PEEP to control bleed- 
ing originated at the Ochsner Clinic, where it 
was used originally in 15 patients [7]. The 
treatment was successful in 11, and there were 
no reported complications from the technique. 
The current study was undertaken to confirm 
those results and to extend them, first by using 
low values of PEEP prophylactically to decrease 
the normal bleeding following an open-heart 
procedure, and second by treating patients who 
were hemorrhaging with higher levels of PEEP 
than had been used previously. 

The only significant difference between pa- 
tients treated prophylactically with 5 cm of 
PEEP and controls was a decrease in total blood 
loss at 8 hours of 59 ml. While statistically sig- 
nificant, this small improvement is not practi- 
cally important, and the prophylactic use of 5 
cm of PEEP to decrease the normally expected 
blood losses following open-heart operation 
must be judged clinically ineffective. 

The use of larger amounts of PEEP in the 
treatment of hemorrhage was uniformly suc- 
cessful. Bleeding in most patients stopped 
promptly with 15 cm of PEEP or less, and all 
stopped bleeding within 3 hours of reaching 
20 cm of PEEP. Two patients did experience 
transient hypotension while receiving 20 cm 
of PEEP, but responded when PEEP was de- 
creased to 10 cm and then gradually increased 
again after the vascular volume had been re- 
stored. l 

There were no complications from PEEP. 
There was no incidence of pneumothorax and 
no recognizable barotrauma. The potential for 
pneumothorax and hypotension due to PEEP 
must be recognized. A physician must be 
readily available for treatment of these potential 
complications should they occur, but in the 
clinical setting in which PEEP is being utilized 
for active bleeding, this restriction is not a 
limiting one. 

The mechanism of action of PEEP is almost 
certainly mechanical. By increasing the intra- 


pulmonary pressure of a maximally inflated 
lung, the pleural and pericardial surfaces can be 
applied directly to a bleeding surface to create a 
mechanical tamponade of bleeding sites. Also, 
as pressure is applied through PEEP to the open 
end of a bleeding vessel, the pressure gradient 
across that open end will decrease, and, there- 
fore, the rate of flow through the vessel must 
decrease as well. This technique would seem 
unlikely to control the sudden massive hemor- 
rhage from a disrupted suture line. It has, 
however, proved extremely effective in the 
treatment of the excessive bleeding from pre- 
sumably lesser sources that frequently persists 
after open-heart operation. 

Five cc of PEEP used prophylactically to de- 
crease normal blood loss following open-heart 
procedures does not appreciably affect the end 
results. Larger amounts of PEEP, administered 
by using a distended lung to increase mediasti- 
nal pressure on a bleeding surface, are effective 
in controlling postoperative hemorrhage and in 
reducing the need for reoperation. 
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Lung Transplantation in the Rat: 


I. Technique and Survival 


Klaas W. Marck, M.D., and Charles R. H. Wildevuur, M.D., Ph.D. 


ABSTRACT For immunogenetic and economical 
reasons, an operative technique for lung transplan- 
tation in the rat was developed. With the use of an 
operation microscope and 8-0, 9-0, and 10-0 sutures, 
the left pulmonary artery, vein, and bronchus were 
anastomosed. The mean operation time was 4 hours; 
the mean graft ischemia time, 87 minutes., After fre- 
quent failures initially, due to anesthetic problems 
and lack of experience with microsurgical operative 
technique, a final peroperative survival of about 
80% was obtained. Postoperative mortality ap- 


- ,proximated 50%. The main cause of postoperative 


death was thrombus formation at the site of an 
anastomosis. In a final series of 28 isogeneic trans- 
plantations, proper data for a one-month follow-up 
was obtained from 36% of the animals that under- 
went operation, a percentage comparable with initial 
canine pulmonary and rat renal transplantation 
studies. Left lung transplantation in the rat proved to 
be technically feasible and may provide an im- 
munogenetically well defined and economically ad- 
vantageous animal model in lung transplantation re- 
search, 


To date, clinical lung transplantation has not 
been as successful as kidney, heart, or liver 
transplantation. Causes of complications that 
interfere with clinical success have been re- 
ported [1]: (1) scarcity of suitable donor lungs; 
(2) complications of the bronchus anastomosis; 
and (3) frequent rejection and infection. Con- 
cerning the third point, Benfield [2] noted that 
“the information regarding the immunological 
characterization of the lung allograft response is 
still primitive.” Most canine lung allograft ex- 
periments lack a well-defined immunogenetic 
background, which restricts conclusions [3]. 
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Genetically well defined experimental models 
in organ transplantation research are provided 
by the inbred rat [4]. Although organ trans- 
plantation in the rat has been performed for more 
than a decade [5, 6] and the techniques of trans- 
plantation for most other organs have been 
described extensively [7], studies on lung 
transplantation in the rat are scarce. Herr [8] 
performed orthotopic transplantation of heart 
and lungs en bloc, but rarely had survivors. Lee 
and co-workers [9] developed a technique for 
heterotopic transplantation of heart and lungs; 
however, theirs is not a physiological model 
because of the absence of ventilation and nor- 
mal perfusion. Asimacopoulos and colleagues 
[10] reported an operative technique for or- 
thotopic left lung transplantation in large rats 
weighing 400 to 600 gm, with a final survival of 
around 50%. The purpose of this study was to 
prove the feasibility of orthotopic left lung 
transplantation for immunogenetically well de- 
fined rats with a normal weight of around 300 


gm. 


Materials and Methods 

Random-bred Wistar rats weighing 200 to 350 
gm were used in the first series of 90 trans- 
plantations, and inbred WAG and BN rats 
weighing 250 to 300 gm were used in the second 
series of 39 transplantations (28 isografts, 
WAG-WAG; 11 allografts, BN-WAG). All 
WAG and most BN rats were specific-pathogen 
free (SPF) when obtained a few weeks before 
operation. The Wistar rats and a few BN rats 
were raised under normal laboratory condi- 
tions. 

The left lung was selected for transplantation 
because the lungs of the rat consist of one whole 
lung on the left side and four smaller lobes on 
the right side. Figure 1 shows schematically the 
anatomy of the respiratory tract in the rat. 

All animals were administered atropine, 0.25 
mg per kilogram of body weight intramuscu- 
larly, as premedication. For the animals used as 
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Fig 1. Anatomy of the rat lungs. The most distal right 
postcaval lobe is resected prior to implantation of the 
graft. The diameter of the left pulmonary artery is ap- 
proximately 1 mm; that of the bronchus, 2 to 2.5 mm; 
and that of the pulmonary vein, approximately 1.5 mm. 


recipients, initially pentobarbital was used as 
an anesthetic, administered in the tail vein (30 
mg per kilogram) or intraperitoneally. How- 
ever, we switched to anesthesia with Fluothane 
(halothane) after 20 transplantations because 
the duration of anesthesia was hard to control 
and there was a high mortality at an early post- 
operative stage. Anesthesia with Fluothane (5% 
Fluothane and a 2:1 mixture of nitrogen 
dioxide and oxygen) is initiated with a mask. 
Intubation is performed with an intravenous 
catheter 15 cm long and with an outer diameter 
of 1.8 mm. Transillumination of the neck af- 
fords direct vision of the glottis and facilitates 
quick intubation [11]. Artificial ventilation is 
effected with a Keuskamp infant ventilator (50 
strokes per minute; 20/0 or 20/5 cm H,O). No 
muscle relaxant is given. Anesthesia is main- 
tained with the same gas mixture and 0.5% 
Fluothane. For the donor animals, anesthesia is 
obtained by injecting chloral hydrate (400 mg 
per kilogram) intraperitoneally. Then, intuba- 
tion is performed. 


Operative Technique 

RECIPIENT PREPARATION. With the animal posi- 
tioned as for a left thoracotomy, the left chest is 
shaved and cleaned with Joflon. A clean, 
nonsterile technique is used. A thoracotomy is 
performed in the third or fourth intercostal 
space. The left inferior pulmonary ligament is 
divided, and the left lung is retracted outside 


Rat Lung Transplantation Technique 





Fig 2. The recipient in left thoracotomy position. The 
left lung and right postcaval lobe are resected. Both the 
pulmonary artery and vein are occluded with a single 
clamp, fixed to the animal. The platform is shown on 
which the graft has to be positioned, opposite the re- 
cipient vessels in the clamp. 


the chest cavity. Lobectomy of the right post- 
caval lobe is performed (except in the first 40 
transplantations). Using an operation micro- 
scope (Zeiss OPMI7-D), the hilar structures are 
dissected. Hemostasis is obtained by bipolar 
coagulation. The bronchus is constricted with a 
2.0 suture loop and transected for as long a 
length as possible. Both the pulmonary artery 
and vein are occluded with a single vascular 
clamp and divided. An ordinary vessel clamp 
with modified curves is used, the jaws of which 
are protected by silicone rubber tubes. A little 
platform is placed in such a way that it covers 
the heart and deadens the movements of the 
heart beat and the ventilated right lung (Fig 2). 

GRAFT HARVEST. After the abdomen has been 
opened, the diaphragm is removed from its 
costal attachment. The ribs are divided on both 
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sides of the spine, and the whole anterior chest 
wall is removed. The lungs are slightly inflated 
by a continuous stream of compressed air. 
Heparin, 1,000 U, is given intravenously. After 
careful dissection of the left pulmonary artery, 
vein, and bronchus, the vein is divided. The 
common pulmonary artery is cannulated, and 
the lungs are perfused with a 4°C perfusate of 
lactated saline solution and procaine (2 gm per 
liter), after which the left pulmonary artery is 
divided. The perfusion pressures range from 20 
to 40 cm H,O. The bronchus is constricted while 
the lungs are inflated (except in the first 20 
transplantations), and pneumonectomy is com- 
pleted by division of the bronchus. The length 
of the vessel cuffs depends on the length 
needed for the recipient. The bronchus stump 
is kept as short as possible. 

IMPLANTATION OF THE GRAFT: VESSEL ANAS- 
TOMOSES. The graft is placed on the platform in 
the thorax of the recipient and covered with 
gauze. The graft and the operation field are fre- 
quently rinsed with cold saline solution. The 
venous anastomosis has to be made first. Two 
stay sutures are placed on the posterior wall, 
opposite each other by about 160 degrees, and 
fixed to two tiny eyes attached to the clamp (Fig 
3). First the posterior wall is closed with a con- 
tinuous suture. After one knot with the stay 
suture, the anterior wall is closed in the same 
way. The pulmonary artery anastomosis is 
made accordingly, after which the clamp is 
opened and perfusion restored. To suture the 
vessels, Ethylon 8-0 (BV-2 needle) was used ini- 
tially, and later in the series, 9-0 (BV-4) or 
preferably 10-0 (BV-6). Initial leaking of the 
anastomosis is controlled by counterpressure 
with two cotton pledgets. In case of persistent 
bleeding, additional sutures are placed and 
several milliliters of Haemaccel is infused into 
the femoral vein as volume replacement. No 
heparin is given to the recipient animal. 

BRONCHUS ANASTOMOSIS. After the vessel 
anastomoses are completed, both bronchus 
stumps are dissected to the appropriate lengths 
(as short as possible on the donor side) and 
brought together in such a way that both 
stumps telescope over the length of one cartil- 
age (Fig 4). First the cartilages of the stumps are 
fixed with three or four interrupted sutures 
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Fig 3. The vessel anastomoses: both vessels are held in a 
single clamp to which two eyes of wire are attached, to 
fix the stay sutures. The venous anastomosis is partly 
finished using a continuous suture. The ligated bronchus 
stumps both of donor and recipient are shown. 


Fig 4. The bronchus anastomosis with the telescoping 
technique. Interrupted sutures are used. 





Fig 5. The three anastomoses prior to closure of the 
thorax. No important constriction is observed at the site 
of the anastomoses. (v = pulmonary vein; b = bron- 
chus; a = pulmonary artery.) 


an. 
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(Ethylon 8-0) and then the paries membra- 
naceus with another six to eight interrupted 
sutures (Ethylon 8-0 or 9-0). After removal of 
both constricting loops, ventilation of the grafts 
starts. Temporary hyperinflation (to 30/15 cm 
H,O) is necessary to remove partial atelectasis 
and to check air leakage from the anastomosis. 
Figure 5 shows the three anastomoses prior to 
closure of the thorax. The thorax is closed in 
four layers. Negative pressure drainage is main- 
tained until the animal is conscious. Terramy- 
cin (oxytetracycline) is given in the drinking 
water during the first postoperative week. 


Results 
We did 129 left lung transplantations. In the 
first 20 transplantations, the lung was not kept 
inflated after harvesting. In this series, rather 
high ventilation pressures were required to re- 
move the atelectasis after transplantation. In the 
following series of transplantations we kept the 
graft inflated by ligating the bronchus, and 
ventilation of the graft was restored far more 
easily. In the later series, the right postcaval 
lobe was resected to prevent herniation to the 
left hemithorax, which caused problems with 
the interpretation of chest roentgenograms and 
technetium 99m perfusion scintigrams of the 
lungs [12, this issue]. Operation times ranged 
from 31/2 to 5 hours (mean, 4 hours). Graft isch- 
emia time ranged from 52 to 149, minutes 
(mean, 87 minutes). No important shift toward 
shorter operation or ischemia time was ob- 
served during the course of the experiments. 

Figure 6 shows the perioperative survival in 
consecutive groups of 15 animals each. There is 
steady progress during the course of the first 75 
operations. Then a plateau is reached at about 
the 80% level. The causes of perioperative death 
(Table 1) changed during the series. During the 
first 30 transplantations, failing microsurgical 
techniques were the main cause of death, espe- 
cially tearing of the very thin venous vessel 
wall, besides death from anesthesia. Later, 
there were bleeding problems from the vessel 
anastomoses. Among the total of 129 animals, 
84 (65%) survived the operation and 45 (35%) 
died postoperatively. 

The causes of postoperative death are sum- 
marized in Table 2. Eight animals died within 2 
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Fig 6. Percentages of peroperative survival in consecu- 
tive groups of 15 animals undergoing left lung trans- 
plantation. There were only 9 animals in group 9. 


Table 1. Causes of Perioperative Death 


; No. of 

Cause Animals 
Anesthesia 14 
Bleeding from vessel anastomosis 12 
Tearing of vessel wall 10 
Failing bronchus anastomosis 4 
Clamp failure 2 
Hemorrhage, right postcaval lobe 1 
Anatomical complications 1 
Unknown 1 

Total 45 


Table 2. Causes of Postoperative Death 


No. of 
Cause Animals 
Complications associated with 8 
operation 
Pulmonary vein thrombosis 13 
Pulmonary artery and vein 6 
thrombosis 
Pulmonary artery thrombosis 3 
Infection 3 
Follow-up anesthesia 4 
Unknown 8 
Total 45 
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Fig 7. Postoperative survival after left lung transplan- 
tation in random-bred Wistar rats (n = 53). Because 
several animals were killed (at random) for postmortem 
studies during postoperative follow-up, this graph was 
constructed with correction for these deaths. 
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Fig 8. Postoperative survival after isogeneic left lung 
transplantation in inbred WAG rats (n = 22). 


hours after operation, most likely of complica- 
tions associated with the operation, such as 
pneumothorax, tracheal obstruction by mucus, 
severe loss of blood, complete atelectasis of the 
right lung (cause unknown), and left and right 
lung infarction. The main cause of late post- 
operative death was thrombosis of the pulmo- 
nary vessels, usually within ten days post- 
operatively. A common finding at postmortem 
examination was a thrombus occluding the left 
pulmonary vein at the site of the anastomosis 
and a completely infarcted graft. Sometimes a 
thrombus was situated in the pulmonary artery, 
but the graft was not infarcted. Postmortem ex- 
amination did not always reveal where the 
thrombus formation had initiated, e.g., when 
partial infarction of the left lung was seen with 
a thrombus attached to both anastomoses. Four 
animals died during anesthesia with ether, 
which was needed for lung perfusion scintig- 
raphy or chest roentgenography. In 3 animals 
the left lung was affected (pneumonia, infarc- 
tion of the lung, and atelectasis). 
Postoperative survival in the series of 
random-bred Wistar rats and isografted WAG 


rats differed slightly. Figure 7 shows the post- 
operative survival of 53 Wistar rats. On the 
ninth postoperative day, 44% of the animals 
were still alive, and only a few more died there- 
after. The postoperative survival of 22 iso- 
grafted, SPF-raised WAG rats is shown in Figure 
8. On the ninth postoperative day, 11 of them 
were still alive, after which only 1 animal died. 
The remaining 10 animals survived until they 
were killed six to ten weeks after transplanta- 
tion. Of the 9 allografted animals surviving op- 
eration, 3 died during the first postoperative 
week. Six animals (67%) survived for four to 
seven days, after which they were killed. 


Comment 

In studies concerning lung transplantation, the 
dog has been used as the main experimental 
animal, chiefly for historical reasons but also 
because lung transplantation in smaller animals 
is technically more difficult. Anesthesia and ar- 
tificial ventilation cause problems even in rela- 
tively large rats, as indicated by Asimacopoulos 
and associates [10]. In our animals, 31% of the 
deaths most probably were related to anes- 
thesia. Transillumination of the trachea facili- 
tates intubation and makes it a safe technique 
in the rat [11]. Quick recovery from anesthesia 
is mandatory in laboratory circumstances, 
where no intensive postoperative care is avail- 
able. This caused problems in the initial ex- 
periments in which pentobarbital was used as 
an anesthetic; the period of anesthesia fre- 
quently was prolonged after the operation: In 
the later series, we used Fluothane and the rats 
became conscious and active immediately after 
the operation. If the graft was not kept inflated 
during the implantation period, ventilation of 
the donor lungs after transplantation became ` 
difficult and required high inflation pressures. 
Although the same problem was experienced in 
dogs [13], it was found to be more severe in 
rats. 

Organ transplantation in the rat was made 
possible by the rapid development of micro- 
surgery in the last decade and was due to the 
availability of very thin suture materials. The 
intensive training needed for microsurgical 
procedures is illustrated by the steadily improv- 
ing perioperative survival in the course of our 
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experiments from 35 to 80% (see Fig 6). In- 
creased experience resulted in fewer surgical 
failures, but did not shorten the operative time. 
Our results improved because of more careful 
handling and the use of thinner suture material 
—10-0 instead of 8-0. Most probably a fair 
perioperative survival can be reached sooner by 
experienced and skilled microsurgeons imitat- 
ing the described technique. The perioperative 
survival that can be expected is higher than the 
50% reported by Asimacopoulos and associates 
[10] and is comparable with the perioperative 
survival of 76% in rat kidney transplantation, 
which was reported by Tinbergen [14]. The 
perioperative survival after lung transplanta- 
tion in dogs is on the same order [15]. 

The postoperative complications add to the 
important overall mortality. Thrombosis of the 
vessel anastomosis (mainly the venous) oc- 
curred in about 50% of the animals. The same 
percentage was reported in the early period of 
canine lung transplantation [16-18]. The atrial 
cuff technique [18] was successfully applied in 
dogs to reduce this complication. However, in 
rats the technique does not seem feasible. An 
adequate anticoagulation therapy, as has been 
applied to the dog model, might improve the 
postoperative survival. In human and canine 
lung transplantations, the bronchus anastomosis 
frequently causes postoperative complications 
[1, 15]. Optimal techniques for the bronchus 
anastomosis as reported in the dog—a short 
bronchus stump of the graft [19] and the tele- 
scoping technique [20]—were both feasible in 
the rat. No postoperative complications of the 
bronchus anastomosis have been experienced 
in these series. 

Comparison of Figures 6 and 7 suggests a 
slight improvement in postoperative survival in 
the SPF-raised isogeneic rats, possibly due to 
better lung conditions in these rats. However, 
since the SPF rats were of a later series, it might 
also be due to an increased surgical experience 
and the use of thinner suture materials. Lung 
transplantation in the isogeneic rats resulted in 
an overall one-month survival of 36%. Renal 
transplantation with a contralateral nephrec- 
tomy in isogeneic rats resulted in a two-week 
survival of 39% [14]. In a series of canine left 
lung autografts, 45% of the animals that were 


operated on provided proper follow-up data 
[15]. 

From the results obtained in our study we 
conclude that lung transplantation in the rat is 
technically feasible and that peroperative and 
postoperative survivals are comparable with 
those obtained in the dog and other transplan- 
tation models in the rat. The rat model is im- 
munogenetically and bacteriologically better 
defined and cheaper than the canine model. 
Therefore, it may be the better alternative in 
lung transplantation research. 
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@ Easy priming 
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Lung Transplantation in the Rat: 
II. Lung Perfusion Scintigraphy in Normal 
and Left Lung-Transplanted Rats 


Klaas W. Marck, M.D., D.A. Piers, M.D., Ph.D., 


and Charles R. H. Wildevuur, M.D., Ph.D. 


ABSTRACT Lung perfusion scintigraphy with 
technetium 99m-labeled microspheres was per- 
formed in a series of 14 normal rats. The mean value 
of left lung perfusion was 36.9 + 4.9% of total lung 
perfusion. Duplicate determinations on three possi- 
ble error levels were evaluated statistically: (1) sep- 
aration of the lung fields on the computer scinti- 
gram, (2) positioning of the animal under the gamma 
camera, and (3) measurement after a one-week inter- 
val. The determinations resulted in standard devia- 
tions of (1) 2.8%, (2) 0, and (3) 1.4%, respectively. 
These results are comparable with those of lung per- 
fusion studies in dogs. 

Lung perfusion scintigraphy, chest roentgenog- 
raphy, and postmortem examination were used in 
the functional evaluation of two groups of left 
lung-transplanted rats: Group A (n= 12) had 
short-term follow-up and Group B (n= 11) had 
long-term follow-up. A common finding in Group A 
was a subnormally perfused and aerated graft, 
showing normal lung tissue for the most part at 
postmortem examination. In Group B, grafts were 
rarely perfused and aerated. At postmortem exam- 
ination, they were fibrotic or abscessed, possibly 
due to chronic rejection. A good correlation was 
found between perfusion scintigraphy, chest roent- 
genography, and postmortem findings. 


There are several methods used in lung trans- 
plantation research to assess rejection of a lung 
allograft. A simple method is chest roentgenog- 
raphy, which provides some information con- 
cerning aeration of the graft and enables evalu- 
ation of the rejection process [1]. The methods 
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commonly employed to measure pulmonary 
function after lung transplantation are perfu- 
sion and ventilation scintigraphy of the lungs. 
For perfusion scintigraphy, radioactive-labeled 
microspheres and intravenously administered 
radioactive xenon are often used. The former 
method has practical advantages in smaller 
animals, such as the rat. Recently we devel- 
oped a microsurgical technique for orthotopic 
left lung transplantation [2, this issue]. 

The ‘present study reports technical data on 
perfusion scintigraphy with technetium 99m- 
labeled albumin microspheres in normal rats. 
In random-bred Wistar rats, the function of left 
lung transplants was evaluated by this method 
and correlated with changes in chest roent- 
genography and postmortem findings. 


Materials and Methods 

Random-bred Wistar rats weighing 200 to 350 
gm were used. In 14 normal rats, scintigraphy 
was performed to provide data for a mean nor- 
mal left lung perfusion value. Orthotopic left 
lung transplantation was performed in 90 rats; 
53 animals (59%) survived operation. In 23 
(26%) of them, functional evaluation by lung 
perfusion scintigraphy, chest roentgenography, 
and postmortem examination could be per- 
formed. The operative technique has been 
described previously [2, this issue]. No im- 
munosuppressive medication was adminis- 
tered. 

Lung perfusion scintigraphy was performed 
under ether anesthesia. We injected approxi- 
mately 200-uCi technetium 99m-labeled albu- 
min microspheres (3M instant microspheres, 10 
to 35 u, dried), in approximately 0.2 ml of solu- 
tion, into the tail vein, the corpus cavernosum, 
or a femoral vein. Using a gamma camera with a 
pinhole collimator, a scintigram (Polaroid pro- 
cessed) was made. Simultaneously, data were 
stored in a computer. Radioactivity over the left 
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Table 1. Results of Lung Perfusion Scintigraphy in 14 Normal Rats 


aaalllt 


No. of Standard 
Determination Determinations Mean Deviation 
Left lung perfusion 14 36.9 4.9 
Duplicate separations of lung fields 16 2.8 
Duplicate positions under camera 8 0.0 
Duplicate measurements after one- 4 1.4 


week interval 


 —————— 


‘Perfusion of the left lung is indicated as percentage of total lung perfusion and is calculated as follows: (left lung 


perfusion/total lung perfusion) x 100. 


and right lung fields was counted separately, 
using a region-of-interest technique. In gen- 
eral, counts were collected to a maximum of 
10,000 counts or during one minute. The perfu- 
sion of the left lung was calculated as a percent- 
age of total lung perfusion as follows: 


Left lung perfusion = (left lung field counts/ left 
+ right lung field counts) x 100 


Chest roentgenography (65 kev; 2.5 seconds) 
was performed under ether anesthesia, with the 
animal taped onto a packed film (Agfa Struc- 
turix D-7). 

Postmortem examination usually was per- 
formed on the day of chest roentgenography. 
Under chloral hydrate anesthesia (400 mg per 
kilogram of body weight) administered in- 
traperitoneally, the animal was intubated and 
ventilated. After the abdomen was opened and 
the lungs were inspected through the transpar- 
ent diaphragm, the whole anterior chest wall 
was removed and both lungs were inspected. If 
possible, the hilar structures of the graft were 
dissected carefully and the anastomoses in- 
spected. In some animals, angiography of the 
left lung was done: After the right pulmonary 
artery was clamped, the common pulmonary 
artery was cannulated and a few milliliters of 
Angiografin (meglumine diatrizoate) was in- 
jected. Then roentgenography was done im- 
mediately, as just described. 


Statistics 

Reliability was tested by duplicate determina- 
tions on three possible error levels: (1) sepa- 
ration of the lung fields before reading the 
computer scintigram, (2) positioning of the 


animal under the gamma camera, and (3) mea- 
surement after a one-week interval. For this 
purpose, 64 determinations were done in 4 
animals in a strictly hierarchical way. The du- 
plicate determinations were evaluated with an 
analysis of variance [3]. The Student t test for 
means with Welch correction was utilized once. 


Results 

Table 1 gives the results of lung perfusion scin- 
tigraphy in 14 normal rats and the results of 
the analysis of variance of the duplicate deter- 
minations. Figure 1 shows the scintigram and 
chest roentgenogram of a normal rat. 

In 23 animals that underwent left lung trans- 
plantation, a functional evaluation was per- 
formed. The mean graft ischemia time was 96 
minutes (range, 70 to 120 minutes), and the 
mean operation time was 174 minutes (range, 
130 to 225 minutes). The animals were sub- 
divided into two groups: Group A (n= 12) had 
a short-term follow-up period of up to two 
weeks, and Group B (n = 11) had a long-term 
follow-up period of one to four months. 

The overall results of the follow-up of Group 
A are presented in Table 2. In all but 3 grafts, 
perfusion was disturbed, which suggests sub- 
normal function. Two grafts were well perfused 
and one graft was not perfused at all because of 
an occluding thrombus in the left pulmonary 
artery (Fig 2). The mean graft perfusion value 
was 20.5 + 14.1% which is significantly less 
than the value of normal left lung perfusion 
(36.9 + 4.9%) (p < 0.005). 

Figure 3 shows the results of perfusion scin- 
tigraphy of both groups. A common finding 
was that the upper part of the graft was not as 
well perfused and aerated, which in most cases 
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Fig 1. (A) Perfusion scintigram (left lung perfusion, 
33.1%) and (B) chest roentgenogram of a normal rat. 


Table 2. Lung Perfusion Scintigraphy, Chest Roentgenography, and Postmortem Findings in Group A 





Visual 
Left Lung Interpretation Chest Aspect at 
Rat Days Perfusion®” of Scintigram Days Roentgenogram Postmortem Examination 
No. Postop (%) (left lung) Postop (left lung) (left lung) 
217 0 21:5 Lower half 4 Lower two-thirds Lower three-quarters normal 
perfused aerated 
229 1 7.4 Diminished 5 Moderate Lower five-sixths normal 
intensity opalescence 
213 1 51.8 Normal 5 Lower half Lower five-sixths normal 
aerated 
205 2 19.8 Upper half 5 Opalescence Multiple abscesses 
perfused 
203 2 18.0 Normal 5 Normal Normal 
225 2 31.5 Normal 6 Opalescence Multiple abscesses 
223 2 14.3 Diminished 6 Well-aerated; Lower five-sixths normal 
intensity local opalescence 
209 2 0 No perfusion 6 Opalescence Lower three-quarters, 
grey aspect; PA thrombus 
201‘ 3 37.7 Normal except 6 Lower two-thirds Lower three-quarters normal 
top aerated 
191 8 16.0 Diminished 11 Opalescence Lower eighth normal 
intensity 
189 9 10.0 Lower third 12 Upper two-thirds Lower quarter normal 
perfused opalescent 
187 9 18.9 Lower two-thirds 12 Middle third Middle third normal 
perfused aerated 


eee 
*Mean + standard deviation = 20.5 + 14.1. 
"Left lung perfusion = (left lung field counts/left + right lung field counts) x 100 
“No resection of the right postcaval lobe. 


PA = pulmonary artery. 
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Fig 3. Left lung perfusion as a percentage of total lung 
perfusion after left lung transplantation in Groups A 
and B. In the upper right-hand corner, normal left 
lung perfusion (36.9%) is indicated with twice the 
standard deviation. The open dots indicate resection of 
the right postcaval lobe as part of the transplantation 
procedure. 





Fig 2. Perfusion scintigram of rat 209. The left lung is 
not perfused. At postmortem examination, an occluding 
thrombus in the left pulmonary artery was found. 





A B 
Fig 4. (A) Perfusion scintigram and (B) chest 

roentgenogram of rat 203. A well-perfused and aerated 

graft is seen. The right postcaval lobe was not re- 

moved at the time of transplantation and is partially 
projected into the left lung field. 
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Fig 5. Angiogram made at postmortem examination of 
rat 217. No stenosis of the left pulmonary artery or vein 
is seen. 


was found at postmortem examination, to cor- 
relate with atelectasis of the top of the left lung. 
Frequently there were moderate adhesions 
between graft and chest wall. Inspection of the 
bronchial anastomoses did not reveal stenosis 


or mucous obstruction. In most instances the 
vessels were patent, occasionally showing a 
mural thrombus. Twice, a lung abscess was 
seen at postmortem examination. In these ani- 
mals there was a relatively good perfusion ini- 
tially (days 1 and 2), but later (days 5 and 6) 
the chest roentgenograms showed complete 
opalescence of the left hemithorax. Figure 4 
shows the lung scintigram and chest roent- 
genogram of rat 203. Angiograms were made 
for most animals of Group A. In some of them, 
the pulmonary vessels were projected over 
each other and impeded evaluation. In none 
of the angiograms was stenosis of either artery 
or vein observed (Fig 5). 

The overall results in Group B are presented in 
Table 3. The absence of perfusion (see Figure 3) 
and aeration in most grafts corresponded with 
fibrosis or abscesses found at postmortem ex- 
amination. Only 2 out of 11 grafts were still 
functioning, which was confirmed by chest 
roentgenography and postmortem findings. In 
both animals (rats 127 and 238), the pulmonary 
vessels were patent and no stenosis was visible, 
while the bronchus was slightly narrowed in 1 
animal and normal in the other. Figure 6 shows 
the lung scintigram and chest roentgenogram of 
rat 49. The picture is that of a partially func- 
tioning left lung. At postmortem examination, a 
fibrotic graft was found with herniation of the 


Table 3. Lung Perfusion Scintigraphy, Chest Roentgenography, and Postmortem Findings in Group B 


TT SSFSSSSSSSSSSSSSSmmmMseFeFeFeFeFFFFFFFSmsmsmsmeseses 


Left Lung Visual Interpretation 
Rat Days Perfusion* of Scintigram 
No. Postop (%) (left lung) 
131 30 0 No perfusion 
127 34 24,1 Slightly diminished 
intensity 
165? 36 0 No perfusion 
81” 57 0 No perfusion 
137 65 0 No perfusion 
238 69 17.8 Lower three-quarters 
perfused 
236 70 0 No perfusion 
49» 73 0 No perfusion 
119 79 0 No perfusion 
109” 83 0 No perfusion 
778 133 0 No perfusion 


Chest Aspect at 
Roentgenogram Postmortem Examination 
(left lung) (left lung) 

Opalescence Fibrosis 


Lower half Adhesions along graft; 
aerated normal lung tissue 

Opalescence Abscesses 

Opalescence Abscesses 


Opalescence Complete atelectasis; 


vessels patent 


Lower three-quarters Upper half adhesions 


aerated and atelectasis; lower 
half normal 
Opalescence Abscesses 
Opalescence Fibrosis 
Opalescence Fibrosis 
Opalescence Fibrosis 
Opalescence Fibrosis 


*Left lung perfusion = (left lung field counts/left + right lung field counts) x 100. 


"No resection of the right postcaval lobe. 
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Fig 6. (A) Perfusion scintigram and (B) chest 
roentgenogram of rat 49. A partially functioning left 
lung is suggested. Postmortem examination revealed a 
fibrotic graft and herniation of the right postcaval lobe 
into the left hemithorax. 


hypertrophied right postcaval lobe into the left 
thoracic space. No angiograms were made in 
Group B animals. 


Comment 

Evaluation of lung graft function by radio- 
isotopes is a widely used method to study per- 
fusion and ventilation, and to calculate regional 
ventilation and perfusion ratios. In this trans- 
plantation model of the rat lung, lung perfusion 
scintigraphy was used to establish a simple 
technique for determining the condition of the 
graft. Perfusion scintigraphy with labeled mi- 
crospheres has the advantage that in a steady- 
state situation, a static image can be obtained. 
The microspheres do not disappear rapidly like 
xenon 133 [4]. The lungs can be visualized be- 
fore counting, and the animal can be put in an 
optimal position for separation of the lung 
fields. 


July 1982 





Although the volume of a rat is only a small 
percentage of that of a dog, the standard devia- 
tions of mean left lung perfusion (4.9%) and 
duplicate determinations on three error levels in 
the scintigraphy procedure (2.8%, 0, and 1.4%) 
are comparable with those observed in canine 
studies [5-9]. In normal lung scintigraphy in 
rats, the right postcaval lobe most probably 
contributes to the left as well as to the right lung 
field. This explains that the most important 
variance in the duplicate determinations is 
caused by the separation of the lung fields. 

One lesson learned during the first part of the 
follow-up study of the lung grafts was the neces- 
sity to resect the right postcaval lobe. This was 
not done initially until herniation of the right 
postcaval lobe to the left hemithorax in rat 49 
produced a scintigram mimicking a function- 
ing graft (see Fig 6). This event must particu- 
larly be expected in the case of a nonfunction- 
ing graft because of compensatory pulmonary 
hypertrophy of the contralateral lobe [10]. The 
postcaval lobe could also be superimposed over 
a well-functioning graft, precluding a good 
separation of the lung fields (see Fig 4). The 
same problem of an altered lung geometry was 
encountered in canine left lung transplants with 
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papain-induced emphysema of the right lung 
[11]. After we started to resect the postcaval 
lobe routinely, herniation to the left side was no 
longer observed, while separation of both lung 
fields was always possible. Resection of this 
lobe probably diminished the variance of the 
separation procedure of scintigraphy. This 
should be evaluated by further statistical analy- 
sis of duplicate determinations in grafted ani- 
mals. 

The results in Group A demonstrate that 
during the first ten postoperative days most 
grafts are subnormally perfused and aerated. 
The mean of the left lung perfusion values 
(20.5%) is significantly less (p < 0.005) than the 
mean of normal left lung perfusion (36.9%). 
This is in conformity with the findings of lung 
autograft and allograft function in dogs [9, 12- 
14] and can be explained by pulmonary edema 
[15] possibly due to transient causes such as 
disruption of the lymphatic circulation [16, 17] 
and ischemic injury. Also, structural defects of 
the vascular anastomoses might be responsible 
for a decrease in function [18-20]. However, in 
our animals angiography showed a normal 
pulmonary artery and vein without stenosis at 
the anastomotic sites, and good filling of the 
smaller vessels. These findings were confirmed 
at postmortem examination. Decreased graft 
perfusion due to rejection could not be ex- 
cluded in these random-bred rats. The results 
in Group B showed that only a few grafts were 
functioning after one month. Although Group B 
was operated on prior to Group A, there were 
no differences in operative technique and isch- 
emia times between the groups. The fibrotic 
lungs and the abscesses found at postmortem 
examination prevented any further anatomi- 
cal determination of the underlying causes. 
Chronic rejection was very likely, though tech- 
nical failure such as bronchus obstruction or 
vessel thrombosis could not be excluded. 

In general, a good correlation was found 
between the scintigraphic data, the chest 
roentgenograms, and the findings at postmor- 
tem examination, except when an important 
time interval between scintigraphy and roent- 
genography occurred (see Table 2, rats 205 
and 225). Opalescence of the lung or parts of the 
lung appears to be indicative of impaired per- 


fusion. Although it gives no quantitative data, 
chest roentgenography is predictive of the fate 
of the graft. 

From the results obtained in this study, we 
conclude that lung perfusion scintigraphy with 
technetium 99m-labeled microspheres is an 
easy and reliable method to assess left lung 
function in the rat quantitatively. Left lung 
grafts in random-bred Wistar rats usually func- 
tion subnormally during the first two post- 
operative weeks. Most of the grafts evaluated at 
least one month after transplantation are fi- 
brotic or abscessed, probably due to chronic 
rejection. There is a good correlation between 
perfusion scintigraphy, roentgenography, and 
postmortem findings. 
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HOW TO DO IT 


Single Aortotomy for Multiple 
Aortocoronary Saphenous Vein Bypass Grafts 


Hossein Sadeghi, M.D., and Didier Morin, M.D. 


ABSTRACT A new technique for the proximal 
anastomoses of saphenous vein grafts in coronary 
artery bypass operations is described. This tech- 
nique has several advantages over existing methods 
and has been shown to be safe and satisfactory in 389 
consecutive patients operated on between May, 
1978, and May, 1981. 


Since the introduction of the aortocoronary 
bypass with saphenous vein graft, the opera- 
tive technique has remained unchanged except 
for minor refinements [1-8]. We have de- 
veloped a new technique for doing proximal 
anastomoses to the ascending aorta that is sub- 
stantially different from conventional tech- 
niques. Thirty-six months of clinical experience 
with this technique has convinced us of its effi- 
ciency and safety. We have adopted it as the 
technique of choice in the proximal anas- 
tomoses of venous grafts in aortocoronary 
bypass operations. 


Material and Methods 

This technique, not yet described, was used 
from May, 1978, to May, 1981, for 389 patients. 
Patients with stable and unstable angina were 
included in this study. A total of 1,030 venous 
bypass grafts were placed, with each patient re- 
ceiving an average of 2.6 bypass grafts. Of the 
389 patients in this study, 16 underwent an- 
other (cardiac) procedure at the same time: 10, 
valve replacement and 6, resection of a ven- 
tricular aneurysm (Table). 
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Operative Data on 389 Consecutive Patients 








No. of No. of 
Operation Patients Grafts 
Double CABG 155 310 
Triple CABG 188 564 
Quadruple CABG 28 112 
Quintuple CABG 2 10 
CABG + prostheses 10 20 
CABG + LV aneurysmectomy 6 14 





CABG = coronary artery bypass graft; LV = left ventricular. 


Technique 

The proximal anastomoses are performed dur- 
ing total clamping of the aorta. An oblique- 
transverse incision is made on the anterior wall 
of the ascending aorta (the transverse portion 
being made on the left anterolateral wall of the 
aorta, and the oblique portion on the right an- 
terolateral wall). At times, the inferior edge of 
the incision is excised to provide a triangular 
aortotomy. The length of the aortotomy is pro- 
portional to the number of bypass grafts to be 
inserted. 

The separate venous grafts are sutured to the 
aortotomy incision with 6-0 polypropylene su- 
tures. In this manner, 2 to 5 venous grafts can 
be inserted easily in a single aortotomy. With 
some experience, the venous grafts can be su- 
tured to the aortotomy in such a manner as to 
give them the most appropriate course. Since 
the triple bypass is, in practice, the most fre- 
quently performed, this type of anastomosis 
will be described in detail. 

First, the proximal end of the venous graft 
supplying the circumflex coronary artery or its 
branches is anastomosed to the left side of the 
aortotomy (Fig 1A-C). Then the venous graft 
attached to the anterior descending coronary 
artery or its branches is anastomosed to the 
middle third of the lower edge of the aor- 
totomy, and to the free edge of the previous 
venous graft (Fig 1D). Finally, the venous graft 
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Fig 1. (A-F) Technique of proximal anastomoses (triple 
aortocoronary saphenous vein bypass grafting). See text 
for details. 


already anastomosed to the right coronary ar- 
tery or its branches is anastomosed to the right 
side of the aortotomy, and its free edge is at- 
tached to the free edge of the second venous 
graft (Figs 1E, F, and 2). 


Advantages 
These are several advantages to this technique. 


1. The venous grafts are more widely open at 
the site of anastomosis to the aorta than they 
are with the conventional technique. 

2. The aortic wall is less traumatized because 
only one aortotomy is made. 


g 


The technique is quite suitable in patients 

with a short ascending aorta. 

4. The large aortotomy incision provides an 
easier anastomosis. 

5. Considerably less operative time is needed 

for the proximal anastomoses (15 to 25 min- 

utes for the total operation). 


Results 

The true value of this technique is difficult to 
appreciate because routine postoperative coro- 
nary angiography was not performed unless the 
patient exhibited signs of coronary insuffi- 
ciency. In the 15 patients in whom postopera- 
tive angiographic studies were done because of 
recurrent angina or myocardial infarction, only 
2 patients were shown to have complete 
obstruction of the venous bypasses. In none of 
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Fig 2. General view of triple aortocoronary saphenous 
vein bypass grafting with a single aortotomy for the 
proximal anastomoses. 


the 15 patients was there evidence of aneurys- 
mal dilatation of the proximal anastomoses. 

The operative mortality in our department 
has continued to diminish; for the last 234 pa- 
tients, it was 1.7% (4 patients). The incidence of 
postoperative myocardial infarction has been 
less than 4%. Although 12 patients (3.1%) re- 
quired reoperation to control postoperative 
hemorrhage, in no instance was bleeding from 
the proximal anastomoses seen. 


Comment 

Satisfactory roentgenographic visualization of 
the site of proximal anastomoses is not easily 
achieved because of the need to perform as- 
cending aortic angiography, which is not as 
precise as selective angiography. Good vi- 
sualization, however, can be obtained by 
selectively performing angiograms of each ve- 
nous bypass graft. Figure 3 shows the angio- 
graphic image of a double bypass. We have at- 
tempted to show the sites of the proximal 
anastomoses in order to demonstrate the ab- 
sence of aneurysmal dilatation. 

We have adopted this technique because it 
provides no additional risk to the patient and is 
easily done. Our experience has shown that it 
saves time compared with the conventional 





Fig 3. Selective injection of a double aortocoronary ve- 
nous bypass graft five months after operation. Proximal 
anastomoses (arrows) with a single aortotomy. 


technique, is easier to perform, and is just as 
safe. 
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A New Method to Treat Fusiform 


Aneury 


sms of the Ascending 


Aorta 


Associated with Aortic Valve Disease: 
An Alternative to Radical Resection 


Francis Robicsek, M.D. 


ABSTRACT A new method designed to deal with 
special forms of fusiform aneurysms of the ascend- 
ing aorta associated with aortic valve disease is pre- 
sented. The procedure consists of replacing the aor- 
tic valve, decreasing the aortic diameter by excision 
of an oval segment, placing a well-tailored Dacron 
vascular graft around the ascending aorta, and an- 
choring it with previously placed sutures driven 
through the sewing ring of the valve prosthesis 
through the aortic wall. The technique has been 
applied in 6 patients with postoperative observation 
ranging from six weeks to two and a half years. 
Technically the operation was carried out without 
difficulty, and all the patients are doing well. 


In 1971, my colleagues and I [1] presented our 
initial experiences with a new method called 
external grafting, which we recommended for 
the surgical treatment of certain types of aortic 
aneurysms. The procedure consists of com- 
pletely freeing the involved aortic segment and 
suturing it in a well-fitted tubular Dacron 
prosthesis, thus preventing further expansion 
and rupture. This method should not be con- 
fused with the ill-fated wrapping of the late 
1930s, which simply placed foreign material in 
close proximity to the aneurysm [2] in the hope 
that its irritative effect would cause fibrosis 
around the aneurysm and strengthen the aortic 
wall. 

During the past twelve years, we have 
applied external grafting in 104 patients (about 
7% of all patients who underwent operative 
intervention for aortic aneurysms on our 
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service during the same period) under the 
following circumstances: (1) small, fusiform 
aneurysms of the abdominal aorta; (2) small- 
and medium-sized aneurysms of the thoracic 
aorta; (3) aneurysms unfavorably located in the 
very old and very debilitated patient, especially 
in the presence of poor arterial runoff; (4) gen- 
eralized, diffuse dilatation of the aortic arch [3]; 
and (5) in connection with partial resection of 
aneurysms involving the origin of the renal 
vessels [4]. The surgical mortality with this 
technique was very low, and during the post- 
operative observation period, which now ex- 
ceeds twelve years, we have encountered only a 
single instance of late aortic rupture [5]. Favor- 
able experiences with our method have been re- 
ported by other investigators [6, 7]. 

More recently we have applied the principle 
of external grafting successfully in 6 patients 
who, besides aortic valve disease, also had 
aneurysmatic dilatation of the ascending aorta. 
The surgical treatment consisted of replacement 
of the aortic valve (5 patients) or aortic val- 
vuloplasty (1 patient), partial excision of the 
aortic wall, external grafting, and special an- 
choring of the graft to the valve prosthesis. One 
patient also underwent coronary bypass graft- 
ing. The purpose of this paper is to describe 
this technique and to offer it in specific in- 
stances as a lower risk alternative to more radi- 
cal operative procedures. 


Methods 

The ascending aorta is approached through the 
usual longitudinal sternotomy incision. The 
caval veins are cannulated through the right at- 
rium for the drainage of the venous blood, and 
the femoral artery is cannulated for arterial re- 
turn. The ascending aorta is carefully separated 
from the pulmonary artery and is cross- 
clamped, and the patient is placed on car- 
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diopulmonary bypass. The aortic valve is ex- 
posed through a longitudinal incision carried 
the entire length of the aneurysm and directed 
toward the noncoronary sinus (Figure, A). The 
myocardium is protected during the ischemic 
period by both external cooling and by repeated 
injections of cold cardioplegic solution into the 
coronary orifices. The aortic valve is removed 
-and replaced with a valve prosthesis of choice. 
The sutures anchoring the prosthetic valve are 
placed the usual way through the annulus and 
the remnant of the valve base and are tied on 
the sewing ring, but with the anchoring sutures 
corresponding to the noncoronary cusp and to 
the three commissures. The latter ones are driv- 
-en through the aortic wall inside out (Figure, 
B) and tied over Teflon pledgets. The needles of 
these sutures are left uncut (Figure, C). A 
generous oval portion is then excised from the 
anterior wall [8] in the entire length of the 
opening incision to decrease the aortic lumen to 
normal, and the aorta is closed with a running 
nonabsorbable suture (Figure, D). 

The patient is taken off cardiopulmonary 
bypass. A crimped tubular Dacron prosthesis of 
appropriate size is selected, incised longitudi- 
nally, and tailored to the length and shape of 
the ascending aorta. From the lower end of the 
graft, an accurate portion is excised to accomo- 
date the course of the left coronary artery (Fig- 
ure, E). The vascular graft is now placed around 
the ascending aorta, and inside-out stitches an- 
choring the implanted valve are driven through 
the corresponding areas of the Dacron pros- 
thesis and are tied on its outside aspect again. 
This is followed by closure of the longitudinal 
slit in the prosthesis (Figure, F). If coronary 
grafting is necessary, as was the case in 1 of our 
patients, the graft can conveniently be brought 
through an appropriate slit in the Dacron 
prosthesis. 


Results 

The procedure has been applied in 6 patients 
with a postoperative observation period rang- 
ing from six weeks to two and a half years. 
Technically the operation was carried out with- 
out difficulty, and clinically all the patients are 
doing well. They show no evidence of either 


prosthetic valve dysfunction or periprosthetic 
leak. On conventional radiography and by ul- 
trasound examination, the ascending aorta 
showed no postoperative enlargement. Similar 
findings were confirmed in 2 patients by an- 
giography two and three months postopera- 
tively. 


Comment 

A new technique is presented on how to deal 
with fusiform aneurysms of the ascending aorta 
associated with aortic valve disease. The oper- 
ation consists of replacement of the aortic valve, 
partial excision of the aortic wall, and place- 
ment of a well-tailored Dacron vascular graft 
around the ascending aorta. The graft is an- 
chored to the implanted valve prosthesis with 
preplaced sutures to the sewing ring. 
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Methylene Blue to Visualize 


Washed-out Coronary Arteries 


Benson B. Roe, M.D. 


ABSTRACT A method of locating and evaluating 
coronary arteries when the vessels no longer contain 
blood has been devised. Methylene blue is added to 
the cardioplegic infusate, and coronary infusion is 
maintained or reinstituted while each artery is being 
identified and opened. 


Infusion cardioplegia contributes to the safety 
of coronary artery operation, as it does to other 
cardiac procedures. However, efforts to achieve 
the technical objectives of coronary grafting are 
handicapped by two features of this modality. 
The location of the coronary arteries may be 
obscured and their evaluation hindered when 
those vessels no longer contain blood. In addi- 
tion, the posterior wall of the vessel may be in- 
jured in the process of incising it if the artery is 
empty and collapsed, rather than distended. 


Method 
At the University of California, we have ad- 
dressed this difficulty by the simple measure of 
adding methylene blue to the cardioplegic infu- 
sate and maintaining (or briefly reinstituting) 
- coronary infusion while each artery is being 
identified and opened. This method has proved 
effective and appears to have no disadvantages. 
` The procedure consists of the following se- 

quence: 


1. Initiate cardiopulmonary bypass at 30°C (to 
` avoid unintentional ventricular fibrillation). 
2. Identify and expose the graftable coronary 
arteries, to the extent feasible with the heart 
still beating but empty and nonworking. 


3. Cross-clamp the aorta. Infuse cold cardio-. 


plegic solution and immerse the heart in iced 
Ringer’s solution. Septal temperatures of 12° 
to 15°C can usually be achieved with less 
than a liter of infusate. 
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4. Minimize cardiac rewarming by lowering 
the body temperature to 25°C; inserting an 
insulating pad behind the heart; and de- 
flecting overhead operating lights away from 
the heart (use only fiberoptic headlights for 
the distal anastomoses). 

. Interrupt the cardioplegic infusion after ap- 
proximately 800 ml has been introduced, and 
inject 2 ml of methylene blue into the re- 
maining 200 ml. 

6. Resume infusion with the dye solution while 
incising the first coronary artery. Stop the 
infusion once the artery is opened and store 
the infusate bag in a bucket of ice in the 
operating room. 

. Reinstitute the dye infusion during each ar- 
teriotomy. l 


Hn 


{q 


Maintaining coronary perfusion during ar- 
teriotomy may also be useful in the occasional 
instance when there is some uncertainty about 
distinguishing a coronary artery from a vein. 
The rapidity with which the dye appears, its di- 
rection of flow, and the intraluminal pressure 
may each help to identify the vessel. 


` COLLECTIVE REVIEW 


Thromboembolic Complications 
of Current Cardiac Valvular Prostheses 


L. Henry Edmunds, Jr., M.D. 


ABSTRACT Thromboembolic complications asso- 
ciated with twelve different models of currently 
available aortic and mitral valve prostheses are re- 
viewed. There is a need to standardize definitions of 
thrombotic phenomena and to report these events 
for valve model and anatomic location actuarially 
and in terms of incidence per 100 patient-years of 
follow-up. The incidence of thromboemboli is less 
than 2 per 100 patient-years for aortic biological 
valves without coumarin anticoagulation and for 
the best mechanical valves with coumarin. For mi- 
tral biological prostheses with and without couma- 
rin, and for the best mechanical mitral valves with 
coumarin, the incidence approximates 4 per 100 pa- 
tient years. The incidence of mortality and morbidity 
_ due to coumarin anticoagulation in patients with 
prosthetic valves is 0.17 and 2.2 per 100 patient- 
years, respectively. Omission, poor control or with- 
drawal of coumarin anticoagulation substantially in- 
creases the incidence of thromboemboli in patients 
with mechanical valves. Some reports suggest that 
the combination of dipyridamole and coumarin may 
further reduce thromboembolic complications with- 
out increasing bleeding problems. Atrial fibrillation 
clearly increases thromboembolic complications, but 
the importance of other factors such as atrial clot, 
large left atrial size, history of emboli, and first 
postoperative year is less definite. 


Clotting associated with prosthetic heart valves 
remains a major cause of morbidity and mor- 
tality. Although current prostheses do not meet 
ideal specifications with respect to many evalu- 
ation criteria (e.g., hemodynamics, noise, 
platelet and red cell survival), thromboem- 
bolism, valve durability, and endocarditis are 
the major causes of valve-related late post- 
operative morbidity and mortality [1]. This re- 
port reviews the thromboembolic complica- 
tions associated with currently available cardiac 
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prostheses end attempts to identify factors that 
influence the incidence of thromboembolic 
phenomena in these patients. 

The diagnosis of thromboembolism in pa- 
tients with prosthetic heart valves may be dif- 
ficult. A peripheral embolus or a thrombus at- 
tached to the prosthesis is proof of valve-related 
clotting when viewed at operation or postmor- 
tem examination. Less certain but generally ac- 
cepted instances of thromboembolism include 
strokes, trarsient ischemic attacks, or myocar- 
dial infarcticns in patients who do not have se- 
verely diseased cerebral, carotid, or coronary 
arteries. Presumptive evidence of thromboem- 
bolism includes emboli seen by funduscopic 
examination or thrombi observed by angiog- 
raphy or eckocardiography. 

Sudden unexplained death may or may not 
be due to th2 thromboembolism. Even if post- 
mortem examination is performed, a small 
coronary or cerebral embolus may be missed 
within postmortem clot. In the absence of an- 
tecedent life-threatening or refractory arrhyth-. 
mias, sudden unexplained death in patients 
with prostheżic heart valves probably should be 
considered a thromboembolic complication. On 
the other hand, bacterial endocarditis, which 
may produc thrombi on both natural and 
prosthetic valves, probably should not be con- 
sidered thremboembolic. It is never clear 
whether microorganisms infect preexisting clot 
or whether local infection induces thrombosis. 

In general, thromboemboli are underre- 
ported. Many factors contribute to this phe- 
nomenon. C-iteria used to define a thrombo- 
embolic evert vary widely. Many investigators 
do not consider late myocardial infarctions 
or instances of sudden death to be related to 
thromboemboli. Transient ischemic attacks are 
often overlocked because of patient forgetful- 
ness or lackadaisical follow-up. In the im- 
mediate postoperative period, coincidental 
complications or lack of a postmortem exam- 
ination may obscure the diagnosis of throm- 
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boemboli [2-4]. Even at postmortem examina- 
tion, thromboemboli may be missed if the 
pathologist does not specifically pursue the 
possibility. 

Failure to detect thromboemboli is another 
major cause of underreporting. Brain and visual 
functions are much more sensitive to transient 
or permanent arterial occlusion than other or- 
gans; yet even the brain contains silent areas in 
which small emboli do not produce symptoms. 
The brain receives 14% of the cardiac output, 
yet it accounts for 65 to 90% (mean, approxi- 
mately 80%) of recognized emboli in patients 
with prosthetic heart valves [3, 5-8]. Unless 
they are large enough to threaten life or func- 
tion, emboli in other organs, extremities, mus- 
cles, and tissues are usually not detected even if 
transient symptoms occur. Furthermore, the 
fibrinolytic system may lyse small or medium- 
sized emboli and alleviate ischemic symptoms 
before a diagnosis is made. Assuming valve- 
related emboli are actually distributed to the 
body in proportion to blood flow, one must 
multiply the incidence of detected emboli 
(peripheral as well as cerebral) by a factor of 5.7 


‘(0.8 X 100 + 14) to estimate the actual incidence 


of emboli produced by prosthetic heart valves. 
This estimate, combined with clinical underre- 
porting, indicates that the problem of valve- 
related thromboembolism is actually much 
larger than perceived. 


Material and Methods 

Reporting Thromboemboli 

Many follow-up reports on prosthetic heart 
valves lack sufficient data to calculate incidence 
or actuarial rates of thromboemboli. Further- 
more, many do not separate thromboembolic 
events by valve location, model, and manufac- 
turer. Reports that relate the number of fatal 
and nonfatal embolic episodes and the number 
of thrombosed prostheses to the number of 
patient-years of follow-up for each prosthetic 
valve location and model are more valuable. A 
single number indicating the number of 
thromboembolic episodes per 100 patient-years 
of follow-up (identical to percent per patient- 
year) is easily compared with numbers simi- 
larly reported by others. However, this valuable 
method of reporting does not reflect changes in 


the incidence of thromboembolic phenomena 
with respect to time. Actuarial curves reporting 
the number of thromboembolic episodes or the 
number of patients free from thromboembolic 
episodes add the important time element [9, 
10], but these curves are difficult to compare 
and do not indicate occurrence of multiple em- 
boli in single patients. Ideally, follow-up stud- 
ies should report the incidence of thromboem- 
bclism per 100 patient-years separately and also 
calculate actuarial curves of patients free from 
thromboembolic phenomena for each valve 
model at each anatomical location. 

To facilitate future comparisons of the in- 
stances of thromboemboli, clinical investigators 
must agree on the definition of thromboem- 
belic events. The following tabulation of inci- 
dences of thromboembolic events for a specific 
valve model implanted in a specific location is 
suggested for consideration. 


Patient-years of follow-up: Number 
Thromboemboli 

Fatal 
Stroke 
Myocardial infarction 
Valve thrombosis 
Sudden unexplained death 
Other (specify) 

Nonfatal 
Stroke with residual 
Stroke without residual 
Transient ischemic attack 
Funduscopic emboli 
Myocardial infarction 
Peripheral emboli 
Valve thrombus 

Associated with active endocarditis 
Fatal 
Nonfatal 
Valve thrombosis 


Tabulated data should specify the model, man- 
ufacturer, and location (aortic, mitral, tri- 
cuspid); data from different models, manufac- 
turers, or locations should not be mixed. By 
including the number of patient-years of 
follow-up, incidence figures can be easily cal- 
culated. Actuarial data must be provided 
separately. 
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Anticoagulation 

Long-term anticoagulation is recommended 
for virtually all patients with mechanical pros- 
theses and many with bioprostheses. Long- 
term anticoagulation causes morbidity and 
mortality that must be included with the com- 
plications of thromboembolism. Bleeding epi- 
sodes associated with long-term anticoagula- 
tion in patients with prosthetic heart valves 
should be classified as fatal, serious, or minor. 
Serious bleeding complications may be defined 
as those that cause permanent disability, neces- 
sitate hospitalization or transfusion, or require 
temporary cessation of anticoagulation. These 
complications should also be subdivided into 
those associated with permanent injury and 
those successfully treated without residual dis- 
ability. Fatal and serious bleeding complica- 
tions, with and without permanent disability, 
should be reported as instances per 100 
patient-years for patients with prosthetic heart 
valves, but need not be separated by valve 
manufacturer or location. Minor episodes are 
grossly underreported by both patients and in- 
vestigators and perhaps should not be reported 
at all. 

Coumarin anticoagulants are required for 
long-term anticoagulation, since intravenous or 
subcutaneous administration of heparin is im- 
practical outside the hospital. In the hospital, 
heparin is associated with a higher incidence of 
bleeding complications than coumarin com- 
pounds [11]. In patients with prosthetic heart 
valves, most surgeons attempt to achieve pro- 
thrombin times 1.5 to 2.5 (mean, 2.0) times 
control values [5, 8, 12]. 

In patients with prosthetic valves, the inci- 
dence of fatal bleeding complications ranges 
between 0 and 1.1 instances per 100 patient- 
years [1, 8-10, 13-18]. Most reports indicate 
fatal bleeding complications to be 0.1 to 0.2 per 
100 patient-years, and the weighted mean of 
ten reports covering 215.5 patient-centuries of 
follow-up is 0.17 per 100 patient-years [1, 8-10, 
13-18]. Nonfatal serious bleeding complica- 
tions occur at a rate of 0.5 to 6.3 instances per 
100 patient-years; however, there is consider- 
able variation in reported series and sometimes 
in different reports by the same group. The fig- 
ure of 2.19 occurrences per 100 patient-years is 


the weighted mean of serious bleeding compli- 
cations due to coumarin anticoagulation as re- 
ported by nine groups [1, 8-10, 14-18]. 

In patients with prosthetic heart valves, 
bleeding complications most frequently involve 
the central nervous, genitourinary, or gas- 
trointestinal systems [2, 7]. In general, fatal 
hemorrhages involve the central nervous sys- 
tem [3, 10], and less frequently the gastrointes- 
tinal tract or retroperitoneal area. Patients with 
prosthetic heart valves have a higher incidence 
of central nervous system hemorrhages [2, 3, 8, 
19, 20] than anticoagulated patients without 
prosthetic valves (incidence < 2%) [11]. This 
increase may be due to bleeding complicating 
small embolic infarcts within the nervous sys- 
tem [20]. 

Several factors affect the incidence of bleed- 
ing complications in anticoagulated patients 
[21]. The degree of suppression of prothrombin 
time is the most important factor: longer pro- 
thrombin times are associated with a higher in- 
cidence of bleeding complications [11]. Since a 
great number of drugs interact with coumarin 
anticoagulants [22], prothrombin times must be 
carefully checked whenever prescriptions are 
changed. In general, bleeding complications in- 
crease slightly with age over 60 years [11]; how- 
ever, the increase is small. Hypertension and 
heart failure do not increase bleeding compli- 
cations [11] but trauma does, and is the inciting 
cause in approximately 25% of patients [8]. 


Incidence of Thromboembolism 

The data in Tables 1 and 2 have been compiled 
from selected recent reports. Using the Medical 
Literature Analysis and Retrieval System, a 
search for thromboembolism associated with 
prosthetic heart valves yielded a large number 
of references. In many reports, the definition of 
a thromboembolic event is vague. Others fail to 
document instances of thromboemboli spe- 
cifically for valve type and location with dura- 


- tion of patient follow-up. Lack of data sufficient 


to calculate incidences of fatal and nonfatal em- 
boli and valve thrombosis eliminates other re- 
ports. Preference is given to studies of large 
series of well-recognized surgical groups and 
reports of the collected experience of rigorously 
supervised clinical investigational teams. Since 


ca 
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Table 1. Thromboembolic Complications of Current Aortic Valve Prostheses 


Incidence of Late (> 30 Days) 


Thromboembolism per 100 
Patient-Years Percent 
Free from 
Follow-up Non- Thrombo- 
Category Valve Author (patient-yr) Fatal fatal $Thrombus Total embolism 
Ball S-E series Dale [5] 261 Beaks zope SLED 12.2 
1200 
S-E series Starr et al. [26] 855 0.2 5.2 0 5.4 78 at 5 yr 
4200 
S-E series Macmanus et al 477 0.2 3.2 0 3.4 87 at 5 yr 
1200 [39] 
S-C Bloodwell et al 812 1.2 1.5 0 2.7 
[56] 
$-C Lee et al [60] 650 1.1 2.6 0 3.7 
McHenry et al 418 0.5 1.0 0 1.5 
[18] 
S-E series Dale [2]* 398 me Zae 05 4.8 
2300 . 
S-E series Starr et al [26] 481 0.9 2.1 0.2 3.2 91 at 5 yr 
2300 
S-E series Limet et al 612 0.3 1.8 0.2 2.3 87 at 5 yr 
2300 [47] 

Standard B-S Dale [2] 162 1.2 5.0 1.9 8.1 raa 
pivoting B-S Björk and 555 nae 07 0.3 ; 97 at 5 yr 
disc Heinze [14]" 

B-S Cheung et al 1,925 0.6 1.0 0.2 1.8 
[15] 

L-K Starek et al 111 0 0 0 0 
[27] 

L-K Dale [2] 164 0.6 5.5 0.6 6.7 

L-K Zwart et al 153 0 2.1 0.7 2.8 
[61] 

L-K Marvasti et al 492 0 14 es 1.4 
[17] 

New disc B-S convex Björk 274 0 2.6 0 2.4 

or leaflet (unpublished 
data) 
H-K Kastec 308 0 2.3 0 2.3 
Corporation® 
St. Jude Nicoloff et al 145 0 0.7 0 0.7 98 at 3.5 yr 
[62] 
Bioprosthesis H Oyer et al [10] 1,121 0.1 1.7 0.1 1.9 94 at 5 yr 
H Hetzer et al [4] 189 0 0.6 0.5 1.1 Boas te 
H Cohn [57] 191 0 1.0 0 10 9S at5 yr 
C-E Janusz et al 530 0 0.9 0 0.9 98 at 3 yr 
[43] 
1-5 Ionescu and 735 0 0.4 0 0.4 99 at 5 yr 
Tandon [36] 
1-5 Ott et al [59] 65 0 0 0 0 
1-5 Becker et al 96 0 2.1 0 21 
[37] 


*Number of fatal emboli not included. 
“Includes 90 patients with aortic and mitral valves. 
‘Kastec Corporation: Three-year clinical results with Hall-Kaster prosthetic heart valve. Unpublished data, Aug 15, 1980. 


S-E = Starr-Edwards; S-C = Smeloff-Cutter; B-S = Bjork-Shiley; L-K = Lillehei-Kaster; H-K = Hall-Kaster; H = Hancock; 
C-E = Carpentier-Edwards; I-S = Ionescu-Shiley. 
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Table 2. Thromboembolic Complications of Current Mitral Valve Prostheses 





Incidence of Late (> 30 Days) 
Thromboembolism per 100 





Patient-Years Percent 
Free from 
Follow-up Non- Thrombo- 
Category Valve Author (patient-yr) Fatal fatal © Thrombus Total embolism 
Ball S-E 6000 Macmanus et al 751 L7 14.9 0.9 17.5 29 at 5 yr 
series [38] 
S-E 6100 Oxman et al 1,085 1.3 6.4 0.3 8.0 7lat5 yr 
series [6] 
S-E 6100 Macmanus et al 130 0 0.8 0 0.8 96 at 5 yr 
series [39] 
S-C Fishman et al 261 0.4 8.1 0.4 8.9 
[16] 
S-C Oxman et al 330 1.6 4.5 0 6.1 74 at 5 yr 
[6] 
S-C McHenry et al 264 11 3.0 0 4.1 
[18] ; 
S-E 6300 Starr et al [9] 684 0.4 3.0 1.2 46 88at5yr 
series 
Standard B-S ' Björk and 912 0.4 3.8 1.3 5.5 81 at 5 yrë 
pivoting Heinze [14] 
disc B-S Lepley et al 1,852 1.0 2.6 0.4 4.0 
[63] 
L-K Starek et al 105 0 1.0 5.7 6.7 
[27] 
L-K Zwart et al 205 1.5 3.0 0.5 5.0 
[61] 
L-K Marvasti et al 278 1.1 1.8 galan 2.9 
[17] 
New disc B-S convex Björk 105 0 1.3 1 2.3 
or leaflet (unpublished 
data) 
H-K Kastec 128 1.6 6.2 0 7.8 
Corporation? 
St. Jude Nicoloff et al 112 0 3.6 0 3.6 96at3 yr 
[62] 
Bioprosthesis H Oyer et al [10] 1,302 0.1 2.6 0.2 2.8 92 at 5 yr 
H Hetzer et al 163 1.2 4.3 0.6 5.5 npg 
[4] 
H Cohn [57] 238 0 4.6 0 4.6 86 at 5 yr 
C-E Janusz et al 422 0.7 1.2 0 1.9 96at3 yr 
[43] 
I-S Tonescu and 515 0 0.9 0 0.9 97 at 5 yr 
Tandon [36] 
I-S Ott et al [59] 61 0 1.7 0 1.7 
I-S Becker et al 84 0 6.0 0 6.0 
[37] 
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@One episode of fatal valve thrombosis. 
*Kastec Corporation: Three-year clinical results with Hall-Kaster prosthetic valve. Unpublished data, Aug 15, 1980. 


SE = Starr-Edwards; S-C = Smeloff-Cutter; B-S = Bjérk-Shiley; L-K = Lillehei-Kaster; H-K = Hall-Kaster; H = Hancock; 
C-E = Carpentier-Edwards; I-S = Ionescu-Shiley. 


>... 


101 Collective Review: Edmunds: Thromboembolic Complications of Valve Prostheses 


definition of thromboembolic events varies 
between groups and since diligence of follow- 
up also varies, the data are not homoge- 
neous and therefore are not comparable in a 
strict scientific sense. Nevertheless, the tabu- 
lated data have been compiled without bias 
and perhaps offer some factual information 
regarding the incidence of thromboembolic 
events for currently available cardiac prostheses 
in the aortic and mitral positions. 

Thromboembolic events associated with 
tricuspid valve replacement are not included. 
Although tricuspid prostheses may have a 
higher incidence of valve thrombosis [23, 24], 
detection of thromboembolic phenomena is 
sometimes difficult. Small emboli to the lung 
are often not recognized. Furthermore, infre- 
quency of tricuspid valve replacement pre- 
empts sufficient data to permit comparison 
between valve types. 


Results 

Current Aortic Prostheses 

Of 12 currently available aortic valvular pros- 
theses sold in the United States, 5 mechanical 
valves and 3 biological valves have been in use 
for more than 5 years (see Table 1). In the past 
3 years, 4 new mechanical valves have been in- 
troduced and are undergoing clinical investi- 
gation. Relatively few data are available for the 
St. Jude, Hall-Kaster, and Bjork-Shiley convex 
valves, and duration of follow-up is relatively 
short. Available data regarding thromboem- 
bolism with the Omnicarbon valve are inade- 
quate for inclusion in this review. 

Table 1 presents the incidence of throm- 
boembolic phenomena per 100 patient-years as 
reported in the indicated references. The per- 
centage of patients free from all embolic 
phenomena at 5 years (as determined by actu- 
arial computations) is also presented when 
available. In Tables 1 and 2, the valves are ar- 
ranged into four categories—ball valves, older 
pivoting-disc valves, new pivoting-disc valves, 
and biological valves—-to facilitate comparisons 
within and between groups. Coumarin anti- 
coagulants were prescribed for all the patients 
with mechanical valves included in the tables, 
and the vast majority received the drug. Occa- 


` sionally a patient for whom coumarin com- 


pounds were prescribed refused or could not 
take the drug, and later sustained an embolus. 
This embolus and patient are included, since 
preblems of anticoagulation were discovered 
after the valve was inserted. Series of patients 
with mechanical valves who were intentionally 
not anticoagulated are not included. Less than 
10% of patients with biological aortic valves re- 
ceived long-term anticoagulants. 

Analysis of the tabulated data supports some 
tentative conclusions. The incidence of fatal 
emboli with ball valves is approximately 0.2 
to 1.0 episodes per 100 patient-years. Cloth- 
covered track valves have not reduced the inci- 
dence of fatal emboli but have reduced nonfatal 
emboli. However, cloth-covered aortic pros- 
theses occasionally thrombose [3, 25]—a rare 
complication with bare-strut ball valves [1, 9, 
12, 26). 

The incidence of fatal thromboemboli is low 
for standard Bjérk-Shiley and Lillehei-Kaster 
aortic valves, and, with the exception of the 
report by Dale [2], the incidence of nonfatal 
emboli is also low. Both valves have a tendency 
to thrombose, however, a fact supported by 
numerous anecdotal reports [27-35]. Further- 
more, a thrombus on the pivoting-disc valve 
appears to interfere with valve function more 
than a thrombus on the ball valve [2]. The 
newer disc and leaflet valves seem to retain the 
low incidence of fatal and nonfatal emboli and, 
to date, have not developed valve thrombi. 

Biological valves in the aortic position rarely 
are associated with fatal emboli or valve throm- 
bosis [10, 36, 37], and the incidence of nonfatal 
emboli without anticoagulation is as low as the 
best mechanical valves with anticoagulation. 
No mechanical valve is superior to any of the 3 
biological valves, and none of the biological 
valves is superior to the others with respect to 
thromboembolism. Since less than 10% of pa- 
tients are anticoagulated, the morbidity (2.2 in- 
stances per 100 patient-years) and mortality 
(0.17 instance per 100 patient-years) of an- 
ticoagulation need not be added to the tabu- 
lated complications for biological aortic valves. 


Current Mitral Prostheses 
Similar data for isolated mitral prostheses are 
presented in Table 2. The historically important 
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Starr-Edwards Model 6000 prosthesis, although 
not now manufactured, is included [38]. This 
prosthesis, the first and most successful mitral 
prosthesis of its generation, recalls a vast 
number of unsuccessful valve prostheses and 
emphasizes the fact that small changes in valve 
design greatly influence the incidence of late 
thromboembolism. 

Overall, the incidence of thromboembolic 

events is higher in patients with mitral pros- 
theses than with aortic prostheses. This statement 
is not always true [3, 39] but in general, fewer 
thromboemboli occur with aortic prostheses. 
_ Within the ball-valve group, opening the 
valve cage (Smeloff-Cutter valves) does not re- 
duce the incidence of emboli or valve throm- 
bosis. As with aortic prostheses, cloth-covered 
struts slightly increase the incidence of valve 
thrombosis and perhaps reduce the incidence 
of nonfatal emboli. 

The incidence of fatal and nonfatal emboli 
and valve thrombosis for standard pivoting- 
disc valves is similar to that observed for ball 
valves. Again, the newer pivoting-disc designs 
may have a reduced incidence of fatal throm- 
boemboli and valve thrombosis as compared 
with their predecessors. Since follow-up is 
short, this small improvement may prove il- 
lusionary or may be due to other factors [1, 39]. 

Bioprostheses in the mitral position clearly 
have a higher incidence of thromboembolic 
events than do aortic biological valves. Al- 
though the incidence of fatal emboli and valve 
thrombosis is low for biological mitral valves, 
the .figures are not markedly’ different’ from 
those for the best mechanical valves. The inci- 
dence of nonfatal emboli is similar for both 
biological and mechanical mitral prostheses. 
Since 40 to 60% of patients with biological mi- 
tral valves are anticoagulated [4, 10, 40, 41], 
biological mitral valves have little advantage 
over the best mechanical mitral valves with re- 
spect to thromboembolic phenomena. This 
general conclusion is supported by the tabu- 

‘lated data; in small subsets of patients who 
‘have had an unusually high incidence of 
thromboembolism [42], however, replacement 
of mechanical mitral valves with biological 
‘valves has dramatically reduced the incidence 
of subsequent thromboembolism. 


Current Aortic and Mitral Prostheses 

Both the aortic and mitral valves are replaced in 
approximately 15% of patients who undergo 
valve replacement. In spite of this relatively 
large experience, few reports contain sufficient 
information to determine the incidence of 
thromboembolic complications for patients 
having aortic and mitral valve implants with 
prostheses of similar design from the same 
manufacturer. Some information for standard 
pivoting-disc and biological valves is available 
[10, 14, 15, 17, 36, 43]. The general experience 
suggests that the incidence of thromboem- 
bolism in patients with aortic and mitral 
prostheses of the same design is similar to that 
in patients with single mitral prostheses. 


Other Factors Affecting the maneng 
of Thromboemboli 
Many factors other than ais eis material, 
manufacturer, and location of the prosthesis 
affect thromboembolic complications. In gen- 
eral, the influence of these additional factors is 
reflected in the incidence data included in the 
foregoing tables. However, within groups 
designated by valve model, location, and man- 
ufacturer, identification of other factors that in- 
crease or decrease the incidence of thromboem- 
bolism is valuable, particularly for assessing the 
risk of thromboembolism for -individual pa- 
tients. i 

Long-term anticoagulation is the most im- 
portant variable affecting the :incidence of 


‘thromboembolism [8, 12, 44]. Adequacy of an- 


ticoagulation correlates with the incidence of 
thromboembolic complications; good control of 
prothrombin times. reduces: thromboembolic 
complications [8, 12, 13, 44-46]. Up to 40% of 
patients are found to be inadequately an- 
ticoagulated at routine follow-tip visits [2, 5, 
13}. 

All patients with mechanical valves should 
receive long-term anticoagulation. There are no 
convincing data that anticoagulants can be 
safely omitted in these patients. When an- 
ticoagulants are omitted in patients with the 
cloth-covered Starr-Edwards valve [26, 44, 47- 
49] and standard Bjérk-Shiley valves [14, 29], 
the incidence of thromboembolism increases 
threefold to sixfold, to 6.1 and 13.1 episodes 
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per 100 patient-years, respectively. When couma- 
rin derivatives are stopped after a few months 
in patients with cloth-covered prostheses, 
the incidence of thromboembolic compli- 
cations increases to 6.4 and 9.0 episodes per 100 
patient-years [44, 47]. This rebound phenome- 
non is not associated with demonstrable hyper- 
coagulation [50] and does not occur after tempo- 
rary anticoagulation in patients with biological 
valves [10, 41]. 

Temporary interruption of anticoagulation 
increases the risk of thromboembolism [7, 44, 
45]. Incidence figures are not available, but 
anecdotal data are persuasive [44, 45, 47, 48]. 
Long-term anticoagulation in patients with 
prosthetic heart valves should not be inter- 
rupted except for acute, life-threatening bleed- 
ing complications, major operation, major 
trauma, and rare, idiosyncratic reactions. For 
elective operation, intravenous administration 
of heparin and use of fresh-frozen plasma be- 
fore operation can minimize the duration of 
inadequately suppressed prothrombin times. 

Acetylsalicylic acid (aspirin) permanently in- 
hibits the function of circulating platelets and 
has been used in lieu of warfarin in a few pa- 
tients with prosthetic valves. Hetzer and as- 
sociates [4] reported that aspirin alone reduces 
thromboembolism in patients with biological 
mitral prostheses. Although one report sug- 
gests that aspirin is also effective for cloth- 
covered aortic ball valves [44], others indicate 
the opposite [47]. Aspirin without coumarins 
does not provide adequate protection against 
thromboembolic complications in patients with 
mechanical heart valves. l 

` Both aspirin: and dipyridamole have been 
used in addition to coumarin anticoagulants. 
Several studies indicate that coumarins with 
either'aspirin (500 to 1,000 mg per day) or di- 
pyridamole (400 mg per day) reduce the inci- 
dence of thromboembolic complications sig- 
nificantly in patients with mechanical heart 
valves [51-54]. However, the combination of 
coumarins and aspirin increases the incidence 
of bleeding complications [52, 54], particularly 
from the gastrointestinal tract [51, 54]. Di- 
pyridamole and coumarin anticoagulants in 
combination do: not appear to increase bleeding 
complications [52, 53]. 


As soon as chest tubes are removed, heparin 
anticoagulation followed by coumarin an- 
ticoagulation is recommended by some sur- 
geons to reduce thromboembolic phenomena 
[4, 15]. Although this is a logical recommenda- 
tion, data are not available to support or refute 
it, However, low cardiac output or septicemia 
in the early postoperative period is associated 
with a high incidence of postmortem-proved 
valve thrombi [4, 55]. Intravenous administra- 
tion of heparin may be advisable in patients 
with low cardiac output if contraindications to 
anticoagulation are not present. 

Many authors report a higher incidence of 
thromboemboli with bioprostheses and bare- 
strut ball valves during the first three to twelve 
months after operation than afterwards [8, 10, 
12, 38, 41, 56]. After the first year, actuarial 
curves show an unchanging incidence of 
thromboemboli [9, 10, 26, 36, 38, 57]. Oyer and 
colleagues [10] found that more than 50% of 
thromboembolic events occur within the first 
twelve weeks after either aortic or mitral re- 
placement with Hancock prostheses. In con- 
trast, experience with cloth-covered ball valves 
and pivoting-disc valves suggests a constant rate 
of thromboembolism [2, 39]. 

With few exceptions [2, 3, 5], most reports 
indicate that atrial fibrillation increases the in- 
cidence of thromboembolism in patients with 
prosthetic heart valves [12, 41]. With Hancock 
mitral prostheses, the incidence of throm- 
boembolism approaches zero in patients who 
are in sinus rhythm and rises to 5.7 episodes 
per 100 patient-years in those with atrial fibril- 
lation [4, 41]. 

Published data do not clearly support the re- 
lationship of left atrial clot, previous | emboli, 
and large left atrial size to ‘thromboembolism. 
Some reports indicate:that these factors i increase 
the incidence of thromboembolism {12,; 55, 58], 
but others. [3, 5, 16] fail to confirm this correla- 
tion. Nevertheless, most experts recommend 
coumarin anticoagulation when one or more of 
these factors or atrial fibrillation is present in 
patients with bioprosthetic valves [4, 10, 41, 55, 
58, 59]. 

Recently, Starr and his colleagues {1, 39] re- 
ported that the incidence of thromboemboli for 
bare-strut Silastic ball valves in the aortic and 
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mitral positions inserted after 1973 is signifi- 
cantly less than the incidence for identical valves 
inserted before 1972. The incidence per 100 
patient-years decreased from 5.0 to 3.4 for aortic 
valves and from 6.6 to 0.8 for mitral valves. Rea- 
sons for this phenomenon are not apparent, but 
perhaps are related to a reduced incidence of 
low cardiac output in the early postoperative 
period, fewer intraoperative complications, 
earlier patient referral, and other more obscure 
factors. 


Comment 

The purpose of this review is to compare the 
incidences of thromboemboli among currently 
available cardiac valvular prostheses. Primarily 
for two reasons, scientifically objective data are 
not available. First, the definition of throm- 
boembolic events differs among investigators. 
Second, reports frequently fail to provide com- 
parable incidence and actuarial data by valve 
model, manufacturer, and anatomical location. 
Although tens of thousands of prosthetic valves 
have been implanted, only tentative conclu- 
sions can be offered. 

All patients with mechanical valves require 
coumarin anticoagulation. Without anticoag- 
ulation, the incidence of thromboembolism 
increases threefold to sixfold. However, an- 
ticoagulation is associated with significant 
mortality and morbidity, which must be added 
to the mortality and morbidity of thromboem- 
bolic events in those patients who require 
lifelong anticoagulation. 

The incidence of thromboembolic complica- 
tions is similar (2 or fewer episodes per 100 
patient-years) for the best aortic mechanical 
and bioprostheses. All patients with mechani- 
cal valves must be anticoagulated with couma- 
rin, but less than 10% of patients with aortic 
bioprostheses require anticoagulants. For mi- 
tral valves, the incidence of thromboembolism 
(approximately 4 episodes per 100 patient- 
years) is also similar for the best mechanical 
valves and bioprostheses, but 40 to 60% of pa- 
tients with mitral bioprostheses require an- 
ticoagulants. With respect to thromboembolic 
and bleeding complications, aortic biopros- 
theses are superior to the best mechanical valves. 
For mitral valves, however, bioprostheses offer 


little or no advantage over the best mechanical 
valves. 

Well-controlled anticoagulation with couma- 
rins is the most important factor in reducing the 
incidence of valve-related thromboembolism. 
Addition of dipyridamole may further reduce 
this incidence without appreciably increasing 
bleeding complications. Cessation of coumarin 
anticoagulation, even temporarily, increases 
the incidence of thromboembolism. The inci- 
dence of thromboembolism is highest in the 
first three to twelve months after implantation of 
bare-strut ball valves and bioprostheses. Atrial 
fibrillation increases the incidence of throm- 
boembolic complications, but other factors such 
as left atrial clot, large left atrial size, and a his- 
tory of emboli are not clearly associated with an 
increased incidence of thromboembolic events. 
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CORRESPONDENCE 


Critical Coronary Artery Obstruction 
To the Editor: 


Coronary angiography usually accurately defines the 
extent and degree of coronary artery obstruction. 
However, in selected instances the angiogram may 
reveal an obstruction of 50% or less. Should all these 
moderately obstructed coronary arteries be by- 
passed? At this time, this question cannot be answered 
because the natural history and rate of progression of 
an atherosclerotic plaque is unknown [1]. Further- 
more, Tyberg and colleagues [2] have reported that 
bypassing noncritical stenosis may result in compet- 
itive flow and early graft occlusion. In addition, there 
is always a small risk of inadvertent technical error 
during coronary artery operation, which could result 
in damage to the native circulation. Therefore, it is 
crucial to accurately define the degree of coronary 
obstruction and the need for a bypass operation in 
every instance. 

Recently the effect of systemic hypothermia and 
potassium blood cardioplegia on myocardial cooling 
was assessed in 44 patients undergoing myocardial 
revascularization. Temperature was measured over 
the right and left coronary artery distributions* af- 
ter the patient had been placed on cardiopulmo- 
nary bypass and cooled to 28°C. Then, the tempera- 
ture was recorded after 1,000 ml of potassium blood 
cardioplegia (20 mEq/L of potassium) had been in- 
fused into the aortic root at a mean temperature of 
8.7°C and a mean pressure’ of 99 mm Hg. A definite 
pattern could be observed, with large myocardial 
temperature gradients present distal to a consid- 
erably obstructed coronary artery. Temperature in 
regional myocardium perfused by normal coronary 
arteries was reduced to less than 15°C after the initial 
injection of cardioplegia in every instance. In con- 
trast, myocardium distal to a significant stenosis or 
complete obstruction was less efficiently cooled (p < 
0.001 Student’s t test). Mean regional temperature 
distal to a significant stenosis ranged between 17.7° 
and 19,9°C, and distal to,a completely obstructed ves- 
sel, the temperatures were always greater than 23°C. 

These observations indicate that significant coro- 
nary obstruction results in impaired regional deliv- 
ery of cardioplegia and' suboptimal myocardial cool- 
ing, and imply that regional temperatures following 
the delivery of cardioplegia may accurately reflect the 
degree of coronary obstruction. In those situations 
when preoperative investigations fail to clarify the 
degree of coronary artery obstruction, the use of 
intraoperative myocardial temperature monitoring 
may provide useful additional information to influ- 


*Wilton-Webster Labs, P.O. Box 237, Altadena, CA 91001. 





ence a decision as to whether or not the coronary 
obstruction requires a bypass operation. 


R. W, Landymore, M.D. 


Division of Thoracie and Cardiovascular Surgery 
Dalhousie University 
Halifax, Nova Scotia, Canada B3H 2Y9 
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Reply 
To the Editor: 


The letter by Dr. Landymore raises several important 
and constructive points regarding determination of 
critical coronary artery obstruction, intraoperative 
monitoring of myocardial temperature, and the ade- 
quacy of myocardial protection in the face of critical 
coronary artery obstruction. There have been sev- 
eral studies documenting substantial disagreement 
among experienced cardiologists regarding quantifi- 
cation of coronary artery obstruction. Because of the 
variability in frequency and distribution of collateral 
vessels, the authors’ criteria for determining whether 
a coronary vessel is critically obstructed are open to 
question if the only end-point criterion is myocardial 
temperature. Nevertheless, the data provided by Dr. 
Landymore are convincing and may help in qualita- 
tive rather than quantitative judgments. The letter 
also stresses the importance of using multiple tem- 
perature probes to determine adequately. intra- 
myocardial temperatures for monitoring purposes, 
a point in which we are in full agreement. Finally, 
in order to overcome the problem of inadequate 
delivery of cardioplegic solution to critically ob- 
structed vessels, it may be necessary to deliver in- 
creased volumes of cardioplegic solution in the range 
of 10 to 20 ml per kilogram of body weight-and to 
employ simultaneously regional hypothermia with 
5°C saline solution. 

This thoughtful letter raises several important 
areas of controversy. I hope it will be a stimulus to 
other investigators. 


Sidney Levitsky, M.D. 


Division of Cardio-Thoracic Surgery 
Department of Surgery 

The Abraham Lincoln School of Medicine 
840 S Wood St ` 

P.O. Box 6998 

Chicago, IL 60680 
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Tissue Valves 
To the Editor: 


Improved surgical techniques have significantly de- 
creased the mortality and morbidity of valve replace- 
ment over the past decade. Continual modifications 
and improvement in the quality of mechanical and 
tissue valves, and the increased number of devices 
make analysis of data more and more complicated. 
The durability of bioprostheses is still undergoing 
the test of time. 

In most published reports, discussions about me- 
chanical devices and tissue valves are handled differ- 
ently. When mechanical devices are involved, the 
differences are specified and the results compared 
between different prostheses. Conversely, when tis- 
sue valves are involved, they are analyzed in a com- 
mon “pool.” All porcine valves are grouped together, 
and in some papers, the bovine pericardial xenograft 
is included also. 

Bioprostheses differ from one another in several 
aspects, e.g., material and shape of the sewing ring, 
leaflet tissue, shape and motility, method of fixation, 
internal versus external orifice ratio, effective orifice, 
and gradient. In addition, new bioprostheses are 
currently under development and being released for 
clinical testing. 


One of the problems in trying to analyze these 
valves separately may be their relatively recent 
availability and therefore limited follow-up. A second 
problem is the limited number of patients in most 
series. 

Collective studies from many centers may be part 
of the answer. The excellent report by Dunn entitled 
“Porcine Valve Durability in Children” (Ann Thorac 
Surg 32:357-368, 1981) was prepared using this very 
method. 

Both Hancock and Carpentier-Edwards valves 
were included, but no separate analysis of results 
was made. It would be beneficial to know if any dif- 
ferences were discovered in the durability and per- 
formance of these two bioprostheses. 

Based on these premises, a selective analysis of 
individual bioprostheses ‘should be done. This will 
provide information that will allow the surgeon to 
choose the best prosthesis available for a given situ- 
ation. 


C. Del Campo M.D., F.R.C.S.(C) 


Division of Cardiovascular and Thoracic Surgery 
University Hospital 
London, Ont, Canada N6A 5A5 
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REVIEW OF RECENT BOOKS 


Selected Topics in Cardiac Surgery 

V., Gallucci, R. M. Bini, and G. Thiene 

Bologna, Italy, Stabilimento Editoriale Patron, 1980 
487 pp, illustrated 


Reviewed by Frederick E. Wideman, M.D. 


This book is based on the proceedings of a confer- 
ence held in Padua, Italy, May 25-26, 1979. The ses- 
sions dealt with disparate topics of congenital, val- 
vular, and coronary artery disease. The caliber of the 
chapters is uneven, and the value of the book is 
jeopardized by the quality of the translation and the 
inclusion of three chapters and multiple discussant 
responses left untranslated. 

The chapters on atrioventricular canal malforma- 
tions are excellent. This entity is approached as a 
“spectrum of malformations,” avoiding the doc- 
trinaire dangers of the various subgroups with their 
inherent controversies. The important anatomical 
features of this condition (morphological, angio- 
graphic, and hemodynamic) are presented in detail 
and with clarity. Two surgical experiences are of- 
fered. One describes the more standard approach, 
i.e., reconstruction that conforms to a predetermined 
procedure, whereas the other outlines an emerging, 
though not yet completely defined, practice of con- 
forming the reconstruction to the important mor- 
phological features of each individual patient. 

The application of E-type prostaglandins in the 
management of malformations that have ductal- 
dependent pulmonary or systemic blood flow is dis- 
cussed. Continued clinical investigation of this mo- 
dality should be stimulated by the presentation of 
the more lethal and unusual ductal-dependent mal- 
formations. The section continues with the basic 
pharmacology and clinical potential of these agents 
and concludes with a discussion of their influence on 
the histology of the normal and persistent ductus 
arteriosus. 

The section on valvular heart disease is superficial. 
It also suffers because two chapters were not trans- 
lated. The evaluation of dogs with developmental 
anomalies of the ventricular outflow tract is well pre- 
sented as a means of more clearly understanding the 
nature and pathogenesis of conotruncal malforma- 
tions. However, the embryological approach—how a 
lesion develops—is hardly useful from a surgical 
viewpoint. 

The chapters on classification and terminology 
offer a “segmental approach” to congenital heart dis- 
ease based on morphological features. This is a major 
contribution as it greatly simplifies complex systems, 
provides the surgeon with a more precise under- 
standing of the malformations, and assists the plan- 
ning of an appropriate reconstructive procedure. 

The discussions on pulmonary atresia with ven- 
tricular septal defect represent a substantial advance 
in the understanding, evaluation, and management 
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of patients with this difficult spectrum of pathologi- 
cal conditions. New knowledge is emphasized—the 
marked variability of the collateral vascular supply of 
the lungs, and the importance of size, confluence, 
and arborization abnormalities of the pulmonary 
arterial system on the surgical results. Ignorance of 
these features has probably been a major determi- 
nant of the variable and unpredictable surgical re- 
sults. Concepts to improve surgical management 
based on this newly acquired knowledge are pre- 
sented. 

The chapters on ischemic heart disease offer the 
surgeon no new or useful information regarding his 
approach to management of this entity. The book 
concludes with a stimulating discussion of the keys 
to success in cardiac surgery. It does convey impor- 
tant and useful information to surgeons involved in 
the management of congenital heart disease, but may 
be of limited value to those whose interests lie in 
other areas of cardiac surgery. 


Miami, FL 


Pediatric Cardiovascular Disease 
Edited by Mary Allen Engle, M.D. 
Philadelphia, F. A. Davis Company, 1981 
462 pp, illustrated, $48.00 


Reviewed by John A. Waldhausen, M.D. 


Pediatric Cardiovascular Disease (Cardiovascular 
Clinic series, volume 11, number 2) does not serve as 
a basic textbook of pediatric cardiology as the title 
implies because a number of traditional topics for a 
basic textbook are not touched on in any organized 
fashion. However, it does serve very well as a sup- 
plement to basic textbooks by dealing with recent 
developments and topics of current interest such as 
nuclear cardiology, current angiographic techniques, 
exercise testing, echocardiography, and manipula- 
tion of the ductus arteriosus in a newborn. These 
chapters are highly authoritative and are written by 
well-known experts in their respective areas. Chap- 
ters on coronary risk factors, hypertension, insur- 
ability and employability of patients with cardiac 
disease, and long-term postoperative results for con- 
genital disease seem highly appropriate, particularly 
considering the increasing longevity of patients with 
congenital heart disease. 

The overall quality of the chapters by contributing 
authors is very good, and there is an excellent over- 
view of medical developments in the field of pediat- 
ric cardiovascular disease within the last five to ten 
years. The book is of particular importance to cardiac 
surgeons and residents interested in the field who 
wish to keep abreast with the recent developments in 
pediatric cardiology. 


Hershey, PA 
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Critical Care Cardiology 

Edited by Charles Rackley, M.D. 
Philadelphia, F. A. Davis Company, 1981 
227 pp, illustrated, $40.00 


Reviewed by Joseph W. Rubin, M.D. 


Critical Care Cardiology (Cardiovascular Clinic series, 
volume 11, number 3) is intended as a review of 
the major advances in diagnostic technologies and 
therapeutic options available to patients with acute 
cardiovascular disease. A recurring theme in the care 
of such patients is the diagnosis and quantification 
of left ventricular dysfunction. Several chapters dis- 
cuss various methods of measuring left ventricular 
performance. These involve invasive hemodynamic 
monitoring including the use of flotation catheters, 
and noninvasive radionuclide scanning. 

Although the book is well indexed, the disserta- 
tions on ventricular function and the results of 
therapeutic manipulations overlap considerably in 
the sections covering current status of hemodynamic 
monitoring, cardiogenic shock, treatment of heart 
failure, management of the patient following cardiac 
operation, and preservation of ischemic myocar- 
dium. In a work on critical care cardiology, such an 

. apparent lack of organization is forgivable because 
of the importance that must be attached to the reli- 
able measurement and interpretation of ventricular 
function variables as a means of assessing a wide 
range of treatment interventions in different condi- 
tions. The common thread throughout the dis- 
cussions of left ventricular functional impairment is 
the interrelationship of preload, afterload, contrac- 
tility, rate and rhythm, and metabolic state of the 
myocardium. 

In contrast, the statement on radionuclide scan- 
ning is succinct, and contains fundamentally useful 
information for obtaining noninvasive myocardial 
perfusion imaging and functional studies of ven- 
tricular performance at the bedside. This chapter 
supplements nicely the discussion of clinical 
methods for assessment of myocardial infarct size 
and the presentation on clinical interventions for the 
preservation of ischemic myocardium. 

The capability of acquiring a continuous stream of 
data describing left ventricular function and of ob- 
serving the immediate effects of treatment has led to 
redefinition of treatment strategies for evolving 
myocardial ischemia, arrhythmias, heart failure, car- 
diogenic shock, hypertensive emergencies, and 
bacterial endocarditis. The section on management 
of patients with unstable angina pectoris was a dis- 


appointing reiteration of the six-year-old ran- 
domized study sponsored by the National Heart, 
Lung, and Blood Institute, which was based on even 
older data. Contemporary thinking on the subject of 
unstable angina pectoris was given a clearer per- 
spective in the presentation on emergency myocar- 
dial revascularization. 

The logical approach to therapy for cardiogenic 
shock and heart failure was developed on the basis of 
strict adherence to hemodynamic principles. How- 
ever, discussion of circulatory assistance was limited 
to indications for and results of intraaortic balloon 
counterpulsation, a support system having serious 
limitations in its capacity to assist and therefore 
useful only in instances of less severe left ventricular 
dysfunction. No mention was made of other ad- 
vanced biomedical systems for circulatory assistance, 
systems that can be expected to become more com- 
monly available in the near future. 

The paper on recognition and treatment of hyper- 
tensive emergencies resurrected some old issues in 
the clinical pharmacology of malignant hypertension 
but gave some precedence to the use of sodium ni- 
troprusside. Although the authors of this section also 
included diazoxide as a drug of choice for malignant 
hypertension, I find it difficult to favor frequent ad- 
ministration of that drug, even by the intravenous 
“mini-bolus’” technique. The major criticism of the 
use of diazoxide seems to be the unpredictable 
hypotensive response to that drug. No mention was 
made of the intravenous use of nitrates in this par- 
ticular context. A printer’s error negated the entire 
discussion on hydralazine. 

Finally, special mention must be reserved for the 
real highlights of this book. The sections dealing 
with life-threatening cardiac arrhythmias, early rec- 
ognition of ventricular dysfunction in valvular heart 
disease, surgical treatment of acute complications of 
myocardial infarction, and the management of infec- 
tive endocarditis were complete and scholarly. 

The book suffers the faults common to many mul- 
tiauthored texts, namely, a lack of continuity of style 
and many areas of overlap. Despite these limitations, 
the result is a comprehensive view on the whole 
subject of critical cardiac care delivered in short, il- 
lustrated, and easily read chapters. The text should 
be particularly useful to medical students and resi- 
dents as a ready reference for the diagnosis and man- 
agement of acute cardiovascular disorders using 
up-to-date methods. 


Augusta, GA. 


1983 Annual Meeting of 


The Society of Thoracic Surgeons 


The Nineteenth Annual Meeting of The Society of 
Thoracic Surgeons will be held at the San Francisco 
Hilton, January 17—19, 1983. 


APPLICATION FOR MEMBERSHIP 
(Deadline: September 1, 1982) 
Requests for application forms for membership in 
The Society of Thoracic Surgeons should be ad- 
dressed to Grady L. Hallman, M.D., Chairman, 
Membership Committee, The Society of Thoracic 
Surgeons, 111 E Wacker Dr, Chicago, IL 60601. 
The completed application forms and supporting 
letters must be in the hands of the Membership 
Committee by September 1, 1982, for the applicant 
to be considered for election at the meeting next 
January. 


CALL FOR ABSTRACTS 

(Deadline: August 31, 1982) 

Abstracts for papers to be presented at the 1983 an- 
nual meeting are now being accepted. An original 
and 10 copies should be submitted, using the official 
Society abstract form (on verso of this page), to 
Vincent L. Gott, M.D., Chairman, Program Com- 
mittee (Abstracts), The Society of Thoracic Surgeons, 
111 E Wacker Dr, Chicago, IL 60601. Additional 
forms are available upon request from the Society. 
Abstracts must summarize an original contribution 
not presented or accepted for presentation else- 
where. Abstracts must be in the hands of the Pro- 
gram Committee by August 31, 1982. Abstracts re- 
ceived after the deadline will not be considered. It is 
requested that the covering letter indicate the author 
who is to receive notice of acceptance or rejection and 
the author who will present the paper. 

Essayists are reminded that according to the 
bylaws of the Society, all papers accepted for pre- 
sentation: (1) must be submitted in duplicate to the 
Secretary at the time of presentation or to the Editor 
of The Annals of Thoracic Surgery prior to presenta- 
tion; and (2) become the property of the Society if 
they are accepted for publication, in which case they 
may not be published other than in The Annals of 
Thoracic Surgery. 

It is well recognized that abstracts frequently belie 
their content by virtue of poor organization, and as a 

result valuable contributions to the Scientific Ses- 

sions may be unrecognized. It is important that 
methods and results be clearly defined in the 
abstract; therefore, general statements such as “re- 
sults will be presented” are not acceptable. When a 
procedure or method is stated to have “advantages,” 
those advantages should be defined. Abstracts that 
simply summiarize results without defining objec- 
tives and methods are equally undesirable. 

Speakers for accepted papers are limited to 10 
minutes. 


Instructions for Abstracts 

The official abstract form printed on verso of this 
page and available from the Society, or photocopies 
thereof, must be used. Authors must categorize the 
principal subject of their abstract using the code at 
the top of the form, and insert the proper code in the 
box provided in the upper left corner of the form. 


1. Full names of authors must appear on the abstract. 

2. Institution or address is to be given, but omit ti- 
tles, degrees, and appointments. 

3. Abstracts must be limited to 250 words and must 
be typed double-spaced. 

4, When percentages are used, the absolute numbers 
of derivation must be stated. 

5. The body of the abstract should include: 

a. A brief statement of the purpose of the study 
being presented, with reference to the current 
state of research in the field. 

b. The methods of study or experimental ap- 
proach clearly, but briefly, defined. 

c. A summary of the results and/or conclusions of 
the study, including sufficient details to sup- 
port those conclusions. 

d. A statement concerning the significance of the 
work and its possible implications for futher 
research. 

6. The form must be signed by the senior author at- 
testing that the material will not be published 
elsewhere if accepted for publication in The An- 
nals of Thoracic Surgery. 


In discussion of papers, the Society encourages a 
healthy spirit of constructive critical review and re- 
buttal by comments pertinent to the content of the 
paper being presented. Presentation of discussion in 
the form of “secondary papers” will not be wel- 
comed. 


CALL FOR SURGICAL FILMS 

(Deadline: August 31, 1982) 

The popular surgical movie program will again be 
presented at the San Francisco meeting. The Program 
Committee hereby solicits the submission of surgical 
films, which may portray a surgical procedure or 
simply a technical maneuver that the surgeon thinks 
will be of interest to the Society. The film may not 
exceed 10 minutes in length. Sound movies are ac- 
ceptable but not necessary, and live narration by the 
principal surgeon is a requirement for participation 
in the movie night program. The movies may be on 
Super-8 or 16-mm film. The deadline for submission 
of films is August 31, 1982. Films also should be sent 
to Vincent L. Gott, M.D., Chairman, Program Com- 
mittee, at the Society office, 111 E Wacker Dr, 
Chicago, IL 60601. 


W. Gerald Rainer, M.D. 
Secretary 
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Preparation of Manuscript 


Illustrations 


Nomenclature and Statistics 


Credits and Permissions 


Reprints 


INFORMATION FOR AUTHORS 


Original manuscripts on thoracic, cardiac, and peripheral vascular surgery will be considered for 
publication in The Annals of Thoracic Surgery with the understanding that they are being submitted 
only to this journal. Transfer of copyright to The Society of Thoracic Surgeons is a condition of 
publication; a form for this purpose usually appears elsewhere in the issue (see contents). Send 
manuscripts, preferably by certified or registered mail, to The Annals of Thoracic Surgery, 400 North 
Ingalls, Box 050, University Hospital, Ann Arbor, MI 48109. 


The Annals welcomes correspondence. Letters are reviewed according to the same standards as other 
contributions. Unsigned letters cannot be published. 


(The Annals will consider manuscripts prepared according to the ‘Uniform Requirements 
for Manuscripts Submitted to Biomedical Journals.”) Type entire manuscript double-spaced on 
standard-sized paper, using standard margins. Number pages consecutively in this order: title 
page, abstract, text, references, tables, legends. Place author's name and page number in the upper 
right corner of each page. Submit original typescript and duplicate with duplicate illustrations; retain a 
copy of the typescript. Provide an abstract no longer than 150 words for an original article or collec- 
tive review. Abstracts for case reports, notes, classics, and “how to do it” articles may be shorter. 


Page Charges. Original articles exceeding a maximum of 9 printed pages are subject to an overage 
charge of $135 per page. There are approximately 700 words on one printed page of The Annals. A 
standard elite type, double-spaced typewritten page with 11⁄2" margins all around contains about 
250 words. Therefore, to stay within the maximum limit, manuscripts should contain no more than 
25 typed pages, including references, and proportionally less if figures and tables are included. 


Title Page. Give the paper a brief title. On page 1 of the manuscript give names of all authors, 
highest degree, institutional affiliations (limit to two), and location. If the paper has been presented 
at a scientific meeting, provide a footnote giving name of meeting, date, and location. Provide 
address for mailing proofs and indicate to whom reprint requests should be sent. 


Text. Provide succinct internal headings to clarify the paper's organization. Type footnotes on the 
manuscript page where cited. Cite tables and illustrations by number in the text. Give all weights 
and measures in metric units. 


Case Reports. Limit findings to those pertinent to the case. Negative findings that are not relevant 
should be omitted. 


References. Type double-spaced on pages separate from the text. Arrange and number sequentially 
as cited. Cite in text by number within brackets. Double-check to ensure accuracy. Give complete 
publication data. Use the following style and Index Medicus journal abbreviations. 


Journal article: Jobes DR, Schwartz AJ, Ellison N, et al: Monitoring heparin anticoagulation and 
its neutralization. Ann Thorac Surg 31:161, 1981 
Book: Bonchek LI, Brooks HL (eds): Office Management of Medical and Surgical Heart 
Disease: A Concise Guide for Physicians. Boston, Little, Brown, 1981 
Chapter in book: Brewer LA III: Late results in war wounds of the chest. In Daughtry DC (ed): 
Thoracic Trauma. Boston, Little, Brown, 1981, pp 249-260 


Tables. Limit the number of tables, restrict them to material best presented in tabular form, and hold 
length to one manuscript page if possible. Type double-spaced on pages separate from the text. 
Provide a brief title for each table. 


Figure Legends. Type double-spaced on pages separate from the text. Do not paste or fasten to illus- 
trations. Provide one legend for each illustration or grouped illustrations. Number in sequence. 


The Annals can consider only a limited number of illustrations per paper without special arrange- 
ment. Submit original artwork or unmounted original glossy prints (individual parts separate) in 
black and white. (Color may be used only by special arrangement and is subject to extra charges.) A 
line drawing that contains no shading or wash can be reproduced well from a glossy photograph. A 
line drawing with shading, however, can be best reproduced from the original drawing. Illustrative 
material must be of good quality, suitable for reproduction and for reduction as necessary to page 
size. Chest roentgenograms should be no smaller than 13 x 18 cm. Identify by number in sequence 
and by author's last name by writing lightly with soft pencil on the back. Indicate top of illustration. 
Accompany photographs of recognizable persons by a signed release from the subject. All illus- 
trations should be submitted in duplicate. Do not use paper clips to attach illustrations. 


Color Illustrations. Color figures of real value to an article will be considered for publication. Part of 
the reproduction and printing costs will be borne by The Annals; the author must be prepared to pay 
$700 per page (for up to six finished illustrations that will fit on one side of a single page), and for 
any additional figures or special effects. Positive 35 mm color transparencies must be submitted for 
evaluation; color prints should not be sent without transparencies. The slides should be packed 
carefully and sent with the manuscript, in a separate container or between two sheets of cardboard. 
(Glass-mounted slides should not be sent through the mail.) 


Authors are referred to Guidelines for Data Reporting (Ann Thorac Surg 24:398, 1977; see also Er- 
ratum, Ann Thorac Surg 25:35, 1978) for appropriate terminology and methods of data analysis to be 
used in submitted manuscripts. Papers with studies and analyses (or needing them) are routinely 
submitted to a biostatistician for critique of statistical methodology and accuracy. 


Obtain and submit with the manuscript written permission to use nonoriginal material (quotations 
exceeding 100 words, any table or illustration) from both author and publisher of the original. 


Reprints should be ordered before publication on the form supplied the author with proofs. Re- 
prints ordered after the press run has been completed will be provided at increased cost. 
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COPYRIGHT TRANSFER AGREEMENT 


Author(s): Please complete this form and submit it to the Editor with your manuscript for publica- 
tion. 


Article title: 


Author(s): 


In the event that the above-named article, which the author or authors certify has not been previ- 
ously published, is accepted for publication in The Annals of Thoracic Surgery, copyright is hereby 
transferred to The Society of Thoracic Surgeons to the extent transferable under applicable law.* 


All authors of this work reserve the following rights, with the provision that copies made in these 
circumstances will continue to carry the copyright notice that appeared in the original published 
work: 


1. The right to reuse all or part of this material in a textbook or clinical book which they have 
authored. 

2. The right to make copies of the published work for internal distribution within the institution 
that employs them and for their own classroom use. 


To be signed by all authors if possible; if not, the signing author agrees to inform all coauthors of 


the terms of this agreement. 
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*Government employees whose work is within the public domain should complete the form, check the box provided 
below, and return the form unsigned; however, if any coauthor is not a government employee and therefore holds copyright, that 
author should sign the form. . 

D All authors of this article are government employees whose work falls within the public domain. 
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Muilti-Programmable 
Cardiac Pacer 
SN 233D-1271 
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State of the Art in 
Automatic DDD Cardiac 
Pacer Design 





Adjustable Atrial Refractory 


Periods 


Automatic DDD Mode 





Maintains full DDD function while 


avoiding synchronization with retrograde 


Conduction. 


Allows A-V synchrony to be maintained 
for maximum hemodynamic benefit. 





Four Programmable A-V Delays Optimizes ventricular filling. 
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Important Information 


Indications 

The Cordis Model 233D Sequicor 6 (Theta) pacer 
is a two-channel pacer intended for permanent, 
two-chamber cardiac pacing 


Adverse Effects 


The following list includes a number of complica- 


tions related to pacer therapy that have been re- 
ported in the medical literature. Noninvasive 
techniques for assessing and managing such 


complications are available to the physician. Mal- 


functions occur randomly and may occur at any 
time after implantation 


Complications Associated with Pacer Therapy 
Pacer — battery depletion, component malfunc- 
tion, electromagnetic interference, decreased 
sensitivity 

Lead — unsatisfactory electrode position, fracture 
displacement, penetration/perforation of heart 
wall, faulty connection with pacer 

Body — reaction, infection/erosion, increase in 
stimulation threshold 


corals. 


Contraindications 


Atrial-synchronized ventricular pacing and DDD 
sequential pacing modes are contraindicated 
for use in the presence of chronic atrial flutter or 
atrial fibrillation, If these conditions are demon- 
strated, atrial sensitivity can be programmed "off" 
to a nonatrial sensing mode such as VVI 


Caution: Investigational device. Limited by Fed- 
eral (U.S.A.) law to investigational use 


*Under clinical evaluation 


© Cordis Corporation 1982 Post Office Box 525700 Miami. Florida 33152-5700 U.S.A. Telephone: 800-327-2490 
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Postoperative 
> wound 
D hematoma 
4 can result from 
uncontrolled capillar, 
bleeding—especially { 
in heparinized patients. 
Hemostasis with Thrombosta 
= prior to closure, significantly 
reduces the frequency of wound 
hematoma and its sequelae In a study" involving 10 
patients receiving subcutaneous low-dose heparin 
prior to abdominal surgery, 82.4% (42 of 5) of the 
thrombin-treated group were free of any hematoma; while 64.7% 
(33 of 51) of the untreated group developed hematoma. 





\/ Hashemi K, Donaldson LJ, Freeman JW et al: The use of topical thrombin to 
reduce wound haematoma in patients receiving low dose heparin. Curr 


Med Res Opin 7:458-462, 1981. 
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Rapidly effective. Thrombostat 
controls capillary oozing in seconds. It can 
clot an equal volume of blood in less than a 
second, or 1000 ml of blood in less than a 
minute in vitro. 


Easy to use. Thrombostat powder can 
be sprinkled on; the solution can be sprayed 
on, or used to flood the oozing surface, or 
an absorbable gelatin sponge* saturated with 
Thrombostat solution may be applied to 
the bleeding area. Thrombostat must not be 
injected. 


Versatile. Ina variety of surgical 
procedures, including vascular, plastic, burn, 
abdominal, gynecologic, orthopedic, or 
neurosurgery, Thrombostat is a valuable aid 
to hemostasis wherever oozing blood from 
capillaries and small venules is accessible. 


"Consult the absorbable gelatin sponge (Gelfoarn® Upjohn) product labeling for com- 
plete information prior to utilizing the thrombin-saturated sponge procedure. 


THROMBOSTAT ™ (Thrombin, USP) Bovine Origin 
Before prescribing, please see full prescribing information. 
A Brief Summary follows: 
Thrombostat must not be injected! Apply on the surface 
of bleeding tissue as a solution or powder 
INDICATIONS: Thrombostat (thrombin, USP) is indicated as an aid 
in hemostasis wherever oozing blood from capillaries and small 
venules is accessible 
In various types of surgery solutions of Thrombostat may be used 
n conjunction with absorbable gelatin sponge, USP for hemostasis. 
CONTRAINDICATION: Thrombostat is con idicated in persons 
known to be sensitive to any of its compon /or to material of 
bovine origin. 
WARNING: Because of its action in the clotting mechanism, 
Thrombostat must not be injected or otherwise allowed to enter 
large blood vessels. Extensive intravascular clotting and even 
death may result. Thrombostat is an antigenic substance and 
has caused sensitivity and allergic reactions when injected into 
animals. 
PRECAUTIONS: Consult the absorbabl 
labeling for complete information 
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CLASSIFIED ADS 


Classified ads for meeting announcements, postgraduate 
courses, and positions wanted or available must relate only 
to the thoracic and cardiovascular surgical specialties. All 
ads are subject to the approval of the Editor, and material 
deemed inappropriate for publication in The Annals will be 
rejected. The charge for all classified advertising is $25.00 
per 50 words per issue. Prepayment is required. 

Please submit full information with each ad, including 
name, address, and telephone number of contact person. If 
anonymity is desired when advertising a position wanted 
or available, please indicate this at the time of submission 
and a code number will be assigned. All responses received 
will remain confidential in the publisher's office and will be 
conveyed to the advertiser shortly after receipt. 

Ads must be submitted no later than eight weeks prior to 
the publication month of the desired issue. Send ad and 
nonrefundable check (in the amount of $25 for every 50 
words times the number of issues the ad is to run), payable 
to The Annals of Thoracic Surgery, 400 North Ingalls, Box 
050, University Hospital, Ann Arbor, MI 48109. 


Please note that The Annals does not function as a placement 
service and cannot provide information on advertised po- 
sitions. When answering advertisements, please write indi- 
vidually to each advertiser you wish to contact, using the 
address given in the ad. 


SITUATIONS WANTED 





Cardiothoracic and vascular surgeon, 32, ABS certified, 
ABTS eligible seeks position. Trained in university center. 
Position flexible, and all locations considered. Available 
July 1982. 


Please respond to W-315, The Annals of Thoracic Surgery, 
34 Beacon St, Boston, MA 02106. 





Cardiovascular surgeon, 32, ABIM, ABS pending, currently 
training in major heart surgery center, desires position in 
growing private practice in July, 1983. Will consider any 
geographical area but association must lead to full partner- 
ship within three years. Clinical research interests. Cur- 
riculum vitae and references on request. 


Please respond to W-317, The Annals of Thoracic Surgery, 
34 Beacon St, Boston, MA 02106. 

Nee ee SS 
Thoracic surgeon, 47, ABTS, community oriented, currently 
in private practice. Wishes to relocate in eastern US. in 
community with need. Curriculum vitae and bibliography 
available on request. 


Please respond to W-318, The Annals of Thoracic Surgery, 
34 Beacon St, Boston, MA 02106. 

ee ŘIIIMmaIammaaamamaaaaamamammmses 
Experienced certified perfusionist seeks new challenge. 
Pediatric, adult, and research expertise. Well qualified in 
use of all types of pumps and oxygenators. Teaching and 
administrative skills. Proven track record. 


Please respond to W-320, The Annals of Thoracic Surgery, 
34 Beacon St, Boston, MA 02106. 


EERE 
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SITUATIONS AVAILABLE 





Fellowship in pediatric cardiovascular and thoracic 
surgery. One-year program beginning July 1, 1982, and 
January 1, 1983, includes emergency newborn surgery as 
well as elective closed and open cardiac surgical procedures 
(250 to 300 cases per year). 


Please respond with curriculum vitae to A-293, The Annals 
of Thoracic Surgery, 34 Beacon St, Boston, MA 02106. 

ES 
Thoracic-vascular surgeon wanted to join practicing tho- 
racic surgeon. Excellent opportunity for a Board-certified or 
eligible thoracic surgeon in a growing community on east 
coast of Florida. Complete vascular surgical skills required. 


Please respond to A-357, The Annals of Thoracic Surgery, 34 
Beacon St, Boston, MA 02106. 





Board-certified or eligible thoracic-cardiovascular surgeon 
wanted by 20-doctor multispecialty group located in central 
Florida. Candidate will complement two other thoracic- 
cardiovascular surgeons. Excellent location and benefits 
make this opening extremely attractive. 


Contact Richard L. Cassady, M.D., Gessler Clinic, P.A., 635 
First St, N, Winter Haven, FL 33880; tel: (813) 294-0670. 





Additional experience in cardiovascular surgery is avail- 
able in busy private-practice setting in the Southwest. 


Please respond to A-360, The Annals of Thoracic Surgery, 34 
Beacon St, Boston, MA 02106. 

ee aamuun 
Cardiovascular surgeon. Opportunity for recently trained 
ABTS-eligible or certified surgeon in adult open-heart 
surgery service. Opportunity for clinical research. Full-time 
salaried position. One-year appointment with career 
potential for right individual. 


Please respond with full curriculum vitae to A-368, The An- 
nals of Thoracic Surgery, 34 Beacon St, Boston, MA 02106. 
ee 
Special Fellowships in cardiac surgery available at Cleve- 
land Clinic Foundation. Positions offer extensive surgical 
and clinical experience. Emphasis on acquired heart dis- 
ease. 


Please respond with curriculum vitae to Floyd D. Loop, 
M.D., Chairman, Department of Thoracic and Cardiovas- 
cular Surgery, Cleveland Clinic Foundation, 9500 Euclid 
Ave, Cleveland, OH 44106. 

i ĖŘĖ 
Fellowship in thoracic surgery available annually at M. D. 
Anderson Hospital, Houston, TX, beginning July 1, 1983. 
This program concentrates primarily on thoracic surgical 
oncology, and deals with a large variety of pulmonary, 
mediastinal, esophageal, and noncardiac vascular cases. 
One-year clinical fellowship certified by M. D. Anderson 
Hospital and Tumor Institute. Two-year programs available 
for candidates desiring research and further academic op- 
portunity. Minimum requirements for applicants are board 
certification or eligibility in general surgery. 


Apply to Dr. Clifton F. Mountain, Department of Thoracic 
Surgery, M. D. Anderson Hospital, 6723 Bertner Ave, 
Houston, TX 77030. 

ee 
The Department of Surgery at The Children’s Hospital of 
Philadelphia—University of Pennsylvania has an opening 
for a pediatric cardiac surgeon to serve as Director of the 
Division of Cardiovascular Surgery at The Children’s Hos- 
pital. Applicants must be board certified and have proven 
experience in advanced pediatric cardiac surgery as well as 


demonstrated qualifications to run an educational and re- 
search program. The Children’s Hospital of Philadelphia is 
an equal opportunity/affirmative action employer. 


Interested applicants should contact and send curriculum 
vitae to James A. O'Neill, Jr., M.D., Surgeon-in-Chief, The 
Children’s Hospital of Philadelphia, 34th and Civic Center 
Blvd, Philadelphia, PA 19104; tel: (215) 387-6058. 


Thoracic-cardiovascular fellowship available at Nassau 
Hospital, Mineola, Long Island, NY, as of July 1, 1982. This 
530-bed hospital has ultramodern cardiac surgical facilities. 
Training includes a large variety of cardiac, thoracic, and 
peripheral vascular cases. Applicants should be board cer- 
tified or eligible in general surgery. 


Please respond to Dr. M. Mohtashemi, Chairman, Thoracic 
Cardio-vascular Department, Nassau Hospital, Mineola, 
Long Island, NY 11501. 


Excellent opportunity for thoracic and peripheral vascular 
surgeon to join busy group practice in Long Island, NY, 
area. No open-heart surgery. Board certification or eligibil- 
ity required. 


Please respond to A-377, The Annals of Thoracic Surgery, 34 
Beacon St, Boston, MA 02106. 


Eastern university medical center announces the availabil- 
ity of a full-time academic position at the assistant profes- 
sor level in cardiothoracic surgery. Research, clinical, and 
teaching responsibilities will cover both cardiac and general 
thoracic surgery; evidence of scholarly activity in these 
areas is required. Applicants must be board eligible or cer- 
tified, and must have a strong interest in surgical research 
and education as well as patient care. An equal opportunity/ 
affirmative action employer. 


Please respond with curriculum vitae by August 15, 1982, to 
A-378, The Annals of Thoracic Surgery, 34 Beacon St, Bos- 
ton, MA 02106. 


Coordinator wanted for perfusion technology program. 
Responsible for organization, daily administration, and ef- 
fectiveness of perfusion training program. Assist phy- 
sician—director in development of program. Duties include 
teaching, student evaluation and counseling, curriculum de- 
velopment, and performing clinical perfusions. Applicants 
should have perfusion certification and a B.S. degree. Ex- 
perience with a perfusion training program would be 
helpful. Previous experience should include use of in- 
traaortic balloons, and adult and pediatric perfusion with 
bubble and membrane oxygenation. Position available im- 
mediately with eight-physician, high-volume cardiovascu- 
lar and thoracic surgery practice in Dayton, OH. A compet- 
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itive salary commensurate with experience is offered, along 
with excellent paid employee benefits. 


Qualified candidates should send resume and salary history 
to Mrs. Brenda K. Dossett, Administrator, Dayton Car- 
diovascular-Thoracic Surgery Associates, Inc., Suite 207, 
111 W First St, Dayton, OH 45402. 


Cardiovascular and thoracic surgeon wanted to join sur- 
geon in an established, well-balanced private practice on 
the East Coast. 


Applicants should send complete curriculum vitae to A-379, 
The Annals of Thoracic Surgery, 34 Beacon St, Boston, MA 
02106. 


Private practice opportunity for cardiovascular surgeon. 
Assist in developing and organizing a new cardiac surgery 
program in 280-bed hospital. Two years of demonstrably 
good experience required. Rocky Mountain location. 


Please send curriculum vitae and references to A-380, The 
Annals of Thoracic Surgery, 34 Beacon St, Boston, MA 
02106. 


Board certified thoracic and vascular surgeon wanted to 
join very busy three-man group in central Florida. Exten- 
sive vascular experience desirable, including pacemakers 
and dialysis access. Large multifaceted hospital setting in 
prime area. 


Please respond with curriculum vitae to A-381, The Annals 
of Thoracic Surgery, 34 Beacon St, Boston, MA 02106. 


Cardiothoracic surgeon wanted to start new cardiac surgery 
program in university-affiliated community hospital in the 
Northeast. Program approved by HSC and state. Applicants 
must be board certified or eligible. Some practice experi- 
ence preferred. Position available immediately. 


Please respond with curriculum vitae to A-382, The Annals 
of Thoracic Surgery, 34 Beacon St, Boston, MA 02106. 


Board certified or eligible surgeon wanted to do both 
thoracic and general surgery. Northeast Pennsylvania area. 
Work with three other board certified general surgeons. 
Partnership in 3 years. 


Please send curriculum vitae to A-383, The Annals of 
Thoracic Surgery, 34 Beacon St, Boston, MA 02106. 


Board certified or eligible cardiovascular-thoracic surgeon 
wanted to join our group of cardiovascular surgeons. Lo- 
cated in the Midwest with excellent opportunity for expan- 
sion. 


Please respond to A-384, The Annals of Thoracic Surgery, 34 
Beacon St, Boston, MA 02106. 


Cerebral activity. 
See what's happening. 
Instantly. Easily. 
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The slow-speed strip chart recorder provides 
easy-to-understand trends. A steady or rising 
trace indicates a stable or improving cerebral 
function. A falling trace can be an early warning 
of a deteriorating condition. There’s no need for 
extensive operator training or interpretation of 
complex graphs. 

The chart can be used in two modes: 
“average,” which clearly separates maximum, 
average, and minimum amplitudes, and 
“actual,” which appears as one band. 


Status at a glance. 
Bright, easy to read, LED displays tell you 


BRIEF SUMMARY 

INDICATIONS: Indicated for use in monitoring cerebral 

electrical activity. 

CONTRAINDICATIONS: This device is not designed, sold, 
“or intended for use except as indicated. 

PRECAUTIONS: When monitoring children less than six 

months of age, position ground reference electrode approxi- 

mately 1.0 cm to either side of cranial mid-line. Avoid penetrating 


anipnitual UTU meygqueiry Ul Cerevurds SIeci rd: 
activity instantly. Displays are updated at least 
every two seconds. 


Light, portable, inexpensive. 

The new CRITIKON Cerebral Function Monitor 
is particularly useful during complex surgical 
procedures such as open heart surgery or 
neurosurgery, and especially in comatose and 
drug overdose patients. It weighs only 19 lbs., so 
take it where you need it. And it’s surprisingly 
inexpensive. Ask your Critikon Representative 
for more information or call today— 


800-237-7541 (FL: 800-282-9151). 


anterior frontal lobe. Ground reference electrode must be 
applied to patient’s head and no other part of body to prevent 
defibrillation voltage between active electrodes and ground 
reference electrode. Do not use in presence of flammable 
anesthetics. 

CAUTIONS: Federal law restricts this device to sale by or on 
the order of a physician. 


New 
Cerebral Function 





Critikon, Inc., 1410 N. Westshore Blvd., Tampa, FL 33607 


©Critikon, Inc. 1982 








Much of the success of surge 
depends on you... 


part of your patients’ recover 
may depend on the antibiotic 
you choose 


Note: Mandol should be given cautiously to penicillin-sensitive patients and is 
contraindicated in patients with known allergy to cephalosporins. 


“In patients undergoing surgical procedures that are classified as contaminated or potentially 
contaminated (e.g., cholecystectomy in high-risk patients, such as those with acute cholecys- 
titis, obstructive jaundice, or common-duct gallstones; appendectomy; gastrointestinal surgery; 
cesarean section; and vaginal hysterectomy), the administration of Mandol preoperatively, 
intraoperatively, and postoperatively may reduce the incidence of certain postoperative 
infections. 


In major surgery in which the incidence of postoperative infection is low but infection is serious 
if it does occur (cardiovascular surgery, neurosurgery, or prosthetic arthroplasty), Mandol may 
be effective in preventing such infections. 


The perioperative use of Mandol should be discontinued after 24 hours; however, in prosthetic 
arthroplasty, it is recommended that administration be continued for 72 hours. If there are 
signs of infection, specimens for culture should be obtain2d for the identification of the causa- 
tive organism so that appropriate therapy may be instituted. 


Lilly 


See the following page for summary of prescribing informatic 


MANDOL "~ 
Cefamandole Nafare 


Brief Summary. Consult the package literature for prescribing information. 


Indications and Usage: Preventive Therapy—The administration of Mando! preoperatively, in- 
traoperatively, and postoperatively may reduce the incidence of certain postoperative infections inpatients 
undergoing surgical procedures that are classified as contaminated or potentially contaminated (e.g., 
gastrointestinal surgery, cesarean section, vaginal hysterectomy, or cholecystectomy in high-riskipatients 
such as those with acute cholecystitis, obstructive jaundice, or common-bile-duct stones). 

In major surgery in which the risk of postoperative infection is low but serious (cardiovascularsurgery, 
neurosurgery, or prosthetic arthroplasty), Mando! may be effective in preventing such infections. 

The perioperative use of Mando! should be discontinued after 24 hours; however, in prosthetic 
arthroplasty, it is recommended that administration be continued for 72 hours. If signs of infection occur, 
specimens for culture should be obtained for identification of the causative organism so that appropriate 
antibiotic therapy may be instituted. 


Contraindication: Mando! is contraindicated in patients with known allergy to the cephalosporin group of 
antibiotics. 


Warnings: BEFORE THERAPY WITH MANDOL IS INSTITUTED, CAREFUL INQUIRY SHOULD BE MADE TO DETERMINE WHETHER THE PATIENT HAS 
HAD PREVIOUS HYPERSENSITIVITY REACTIONS TO CEPHALOSPORINS, PENICILLINS, OR OTHER DRUGS. THIS PRODUCT SHOULD®BE GIVEN 
CAUTIOUSLY TO PENICILLIN-SENSITIVE PATIENTS. ANTIBIOTICS SHOULD BE ADMINISTERED WITH CAUTION TO ANY PATIENT WHO HAS 
DEMONSTRATED SOME:-FORM OF ALLERGY, PARTICULARLY TO DRUGS. SERIOUS ACUTE HYPERSENSITIVITY REACTIONS MAY REQUIRE EPINEPHRINE 
AND OTHER EMERGENCY MEASURES. 

In newborn infants, accumulation of other cephalosporin-class antibiotics (with resulting prolongation 
of drug half-life) has been reported. 


Precautions: Although Mando! rarely produces alteration in kidney function, evaluation of renal status is 
recommended, especially in seriously ill patients receiving maximum doses. 

Prolonged use of Mendol may result in the overgrowth of nonsusceptible organisms. Careful 
observation of the patient is essential. If superinfection occurs during therapy, appropriate measures should 
be taken. 

Nephrotoxicity has been reported following concomitant administration of aminoglycoside antibiotics 
and cephalosporins. 

A false-positive reaction for glucose in the urine may occur with Benedict's or Fehling's solution or with 
Clinitest® tablets but not with Tes-Tape® (Glucose Enzymatic Test Strip, USP, Lilly). There may be a 
false-positive test for proteinuria with acid and denaturization-precipitation tests. 

As with other broad-spectrum antibiotics, hypoprothrombinemia, with or without bleeding, has been 
reported rarely, but it has been promptly reversed by administration of vitamin K. Such episodes usually 
have occurred in elderly, debilitated, or otherwise compromised patients with deficient stores of vitamin K 
Treatment of such individuals with antibiotics possessing significant gram-negative and/or anaerobic 
activity is thought to alter the number and/or type of intestinal bacterial flora, with consequent reduction in 
synthesis of vitamin K. Prophylactic administration of vitamin K may be indicated in such patients, 
especially when intestinal sterilization and surgical procedures are performed. 

In a tew patients receiving Mandol, nausea, vomiting, and vasomotor instability with hypotension and 
peripheral vasodilatation occurred following the ingestion of ethanol. 

Cefamandole inhibits the enzyme acetaldehyde dehydrogenase in laboratory animals. This causes 
accumulation of acetaldehyde when ethanol is administered concomitantly. 

Usage in Pregnancy —Satety of this product for use during pregnancy has not been established 

Usage in Infancy — Mando! has been effectively used in this age group, but all laboratory parameters 
have not been extensively studied in infants between one and six months of age, safety of this product has 
not been established in prematures and infants under one month of age. Therefore, if Mandol is 
administered to infants, the physician should determine whether the potential benefits outweigh the 
possible risks involved. 

Adverse Reactions: Hypersensitivity —Maculopapular rash, urticaria, eosinophilia, and drug’ fever 
have been reported. These reactions are more likely to occur in patients with a history of allergy, particularly 
to penicillin 

Blood — Thrombocytopenia has been reported rarely. Neutropenia has been reported, especially in long 
courses of treatment. Some individuals have developed positive direct Coombs’ tests during treatment with 
the cephalosporin antibiotics. 

Liver — Transient rise in SGOT, SGPT, and alkaline phosphatase levels has been noted. 

Kidney — Decreased creatinine clearance has been reported in patients with prior renal impairment. AS 
with some other cephalosporins, transitory elevations of BUN have occasionally been observed with 
Mandol: their frequency increases in patients over 50 years of age. In some of these cases, there was also a 
mild increase in serum creatinine 

Local Reactions —Pain on intramuscular injection is infrequent Thrombophlebitis occurs rarely. 

[o12082P] 


Additional information available to the profession on request. 
Lity Eli Lilly and Company * Indianapolis, Indiana 46285 
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Fast relief for 
transistor traumas 
and the 

Op-amp blues 





Clip and mail to: 


Little, Brown and Company 
Medical Division 

200 West Street 

Waltham, Massachusetts 02154 


| can't wait to getstarted! Please sendme 
copy(ies) of Hoenig 
HOW TO BUILD AND USE ELECTRONIC 
DEVICES... Second Edition, #368083, 
@$12.95., 

O Please bill me. 

LI My check for $ is enclosed, 
with the understanding that if | am not entirely 
satisfied, | may return the book(s) within 

30 days of receipt for a full refund. 

Publisher pays postage and handling when 
payment accompanies order. 

Please add sales tax if applicable. 





Name_ 





Address 





City 





State 





Zip 
(In Canada, order directly from J.B. Lippincott of 
Canada, Ltd., 75 Horner Ave., Toronto, Ontario M8Z 
4X7. In Japan, order from Medical Sciences 
International, Kida Building, 1-2-13 Yushima, 
Bunkyo-ku, Tokyo 113.) 
ATS 


Now in its Second Edition! 


HOW TO BUILD AND 
USE ELECTRONIC 
DEVICES WITHOUT 
FRUSTRATION, PANIC, 
MOUNTAINS 

OF MONEY, OR AN 
ENGINEERING 

DEGREE 


by Stuart A. Hoenig, Ph.D. 


University of Arizona, Tucson 


If transistors unnerve you and op-amps depress you, this 
is the book you need! Now, if you can read a cookbook 
and follow “monkey see, monkey do” diagrams, you too 
can build electronic circuits that really work. 


In its brand new edition, HOW TO BUILD AND USE 
ELECTRONIC DEVICES.. .is the quickest, clearest, and 
most enjoyable route to becoming an electronics wizard 
in your own basement workshop. Its freewheeling style 
and abundance of step-by-step illustrations teach you 
everything you need to know to begin building and using 
your own electronic devices. You'll learn: 


e the nomenclature and jargon of the electronics biz 

e the ABCs of op-amps. . .how they work... how to buy 
them...where to find them 

e how to use op-amps for fun (and profit!) in generators, 
multivibrators, circuit sources, filters, and much more 

e everything you ever wanted to know about the digital 
computer and how to apply its technology 


You cant fail with this amazing little book. HOW TO 
BUILD AND USE ELECTRONIC DEVICES ...takes the 
trauma out of transistors and makes op-amp circuits 
comprehensible ...so you'll be left to your own devices 
in no time! ORDER A COPY TODAY! And get your sol- 
dering iron ready. 


393 pages, illustrated. Paperback, #368083, $12.95 


A simple idea 
that brought about 
a revolution... 


The BOS-10S - A 360° revol 1. At Bentley Laboratories, we realize that every 
cardiopulmonary bypass surgery is unique, and so is every surgical team’s preference for 
setting-up their extracorporeal circuit. That's why we've engineered a few simple design 
improvements into our BOS-10 Oxygenator...the result is the BOS-10S. 

The BOS-10S is designed so that the venous inlet portion of the oxygenator securely 
snap-locks over the arterial reservoir walls. This feature allows the top of the oxygenator to 
rotate to any position relative to the lower portion. This means you can now orient the 
BOS-10S on the right, left, or middle of the pump console without compromising inlet/outlet 





and 
a few other 
innovations. 


The unique design of these oxygenators permits secondary gas venting to 
occur where the rotating top connects to the arterial reservoir. This provides 
for both the removal of the anesthetic gases which can potentially accumu- 
late within an oxygenator and eliminates any possibility of over pressurizing 
the oxygenator. Like the BOS-10, the BOS-10S is also equipped with a pri- 
mary gas vent. 


Flexible stopcock connection 

Our improved flexible arterial sampling stopcock allows you to take samples 
faster and more efficiently than was previously possible. A syringe may 

be inserted into the stopcock for clean, easy sampling with one hand, even 
if the oxygenator is positioned at low levels. 


The straighter reservoir walls of the BOS-10S reduce reflected glare and 
allow you to more readily monitor low levels of blood in the arterial reservoir. 
We have also redesigned the blood level scale to accurately measure 
levels as low as 50mls. 


Volume displacement cylinder 

Bentley’s BOS-10 Oxygenators have long been known for their low dynamic 
priming volume. We've equipped the BOS-10S with a volume displacement 
cylinder under the defoaming element to displace the extra area created 
by the new model's straighter sidewalls. Because of this innovative design 
feature, the BOS-10S dynamic volume is kept at a low 790mls. 


The BOS-10S is a prime example of how a proven product, the BOS-10 oxygenator, can evolve to become even 
more convenient than before. All of the features incorporated into the BOS-10S are the direct result of Bentley's 
continuing product development program to respond to your needs. Bentley oxygenators have now been proven 
in more than one million clinical procedures since their inception in 1964, and represent what we believe to be 
the finest and safest oxygenators available. 


17502 Armstrong Ave. : Irvine, California 92714 U.S.A. « Phone: (714) 546-8020 or 800-854-0567 (In California, call 800-432-7463) - Telex: 68-5503 BENT| 


In Canada contact: BENTLEY LABORATORIES, CANADA 
100 Amber Street, Unit #12 - Markham, Ontario L3R 3A2 - Phone: (416) 495-2125 or (416) 495-2126 - Telex: 069-66857 
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Long-term holding power... 





TI-CRON* silicone-treated polyester suture. 


TI CRON gives you optimal passage through tissue. 


security in cardiovascular TI CRON also handles easily. 
surgery...including prosthesis It does not stretch, and knots 
implantation. It offers you slide easily into place without 
exceptional strength and chatter. 

holding power, plus flexibility TI-CRON. The proven 

and softness. It is treated with suture with long-term holding 
physiologically inert medical- power for long-term security in 
grade silicone for smooth cardiovascular surgery. 


* Trademark 


DAVIS+GECK 


American Cyanamid Company 
Pearl River, N.Y. 10965 
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A simple idea 
that brought about 
a revolution... 
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The BOS-10S - A 360° revolution. At Bentley Laboratories, we realize that every 
cardiopulmonary bypass surgery is unique, and so is every surgical team’s preference for 
setting-up their extracorporeal circuit. That's why we've engineered a few simple design 
improvements into our BOS-10 Oxygenator...the result is the BOS-10S. 

The BOS-10S is designed so that the venous inlet portion of the oxygenator securely 
snap-locks over the arterial reservoir walls. This feature allows the top of the oxygenator to 
rotate to any position relative to the lower portion. This means you can now orient the 
BOS-10S on the right, left, or middle of the pump console without compromising inlet/outlet 
performance or visibility. 





and 
a few other 
Innovations. 


The unique design of these oxygenators permits secondary gas venting to 
occur where the rotating top connects to the arterial reservoir. This provides 
for both the removal of the anesthetic gases which can potentially accumu- 
late within an oxygenator and eliminates any possibility of overpressurizing 
the oxygenator. Like the BOS-10, the BOS-10S is also equipped with a pri- 
mary gas vent. 


Flexible stopcock connection 

Our improved flexible arterial sampling stopcock allows you to take samples 
faster and more efficiently than was previously possible. A syringe may 

be inserted into the stopcock for clean, easy sampling with one hand, even 
if the oxygenator is positioned at low levels. 


Straighter sidewalls 

The straighter reservoir walls of the BOS-10S reduce reflected glare and 
allow you to more readily monitor low levels of blood in the arterial reservoir. 
We have also redesigned the blood level scale to accurately measure 
levels as low as 50mls. 


Volume displacement cylinder 

Bentley's BOS-10 Oxygenators have long been known for their low dynamic 
priming volume. We've equipped the BOS-10S with a volume displacement 
cylinder under the defoaming element to displace the extra area created 
by the new model's straighter sidewalls. Because of this innovative design 
feature, the BOS-10S dynamic volume is kept at a low 790mIs. 


The BOS-~10S is a prime example of how a proven product, the BOS-10 oxygenator, can evolve to become even 
more convenient than before. All of the features incorporated into the BOS-10S are the direct result of Bentley's 
continuing product development program to respond to your needs. Bentley oxygenators have now been proven 
in more than one million clinical procedures since their inception in 1964, and represent what we believe to be 
the finest and safest oxygenators available. 


17502 Armstrong Ave. - Irvine, California 92714 U.S.A. - Phone: (714) 546-8020 or 800-854-0567 (In California, call 800-432-7463) - Telex: 68-5503 BENT 
In Canada contact: BENTLEY LABORATORIES, CANADA : 
100 Amber Street, Unit #12 - Markham, Ontario L3R 3A2 - Phone: (416) 495-2125 or (416) 495-2126 - Telex: 069-66857 
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Fora suture line that’s really secure... 









~ SURGILENE 
polypropylene monofilament suture. 


SURGILENE suture is smooth, strong, inert...and unlike other polypropylene 
sutures, it does not stretch excessively. So sutures stay where you place them, assuring 
you of a secure suture line. This pliable suture handles well and ties easily...and it's so 
smooth, it actually glides through tissue. 

Because SURGILENE is inert, scarring is minimal and complications few. And it 
has a flex life unexcelled by any other synthetic monofilament. 


For your convenience, SURGILENE is available in our unique, time-saving 
DIRECT DISPENSING packages. 
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American Cyanamid Company 
Wayne. N.J. 07470 


(Notice: SEE PACKAGE INSERT FOR 
FULL PRODUCT INFORMATION) 
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a Introducing 
1 1e new William Harvey “Free-Flow” 
Mediastinal Drain. ; 


A new /Free-Flow’ mediastinal drain opens a new era of 
efficiency in sump drainage. This new William Harvey configuration 
Nesey helps overcome the common causes of drain blockage. It also 

eo “reduces the need for painful stripping or milking to keep the drainage 
pathway clear. 
The new William Harvey “Free-Flow” drain promotes circulation 
with an integral air access line. This airway provides an environment 
conducive to gentle, effective fluid drainage with remarkably low suction require- 
ments. Additionally, the circular configuration affords an inside drain diameter 
adequate to remove even large clots comfortably. 
Š Each “Free-Flow” mediastinal drain is meticulously produced by hand, A 
giving it a texture and smoothness that cannot be duplicated by machines or 






















0.3 micron filter helps 
deliver contaminant- 
free air for closed 

system circulation. 





















bee 
A assembly line techniques. A unique William Harvey vinyl-dipping process 
E eliminates rough edges. Each edge is gently, naturally rounded to minimize ~ 
f tissue trauma. It's no wonder William Harvey cannulae are the 
f world’s most widely used. 
be Try the new William Harvey “Free-Flow” mediastinal drain. 
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Whatever your patient sets his mind to, 
Enertrax sets its pace to. 








Introducing Enertrax: 
The smallest, most programmable physiologic 
pacemaker, with the useful followup you want. 


You want your patient with a 
healthy sinus node to lead a life 
limited only by his imagination, 
not by his pacemaker. He can do it 
with Medtronic’s completely pro- 
grammable Enertrax, the most 
physiologic pacemaker available. 

Whether he’s running, reading, 
or anything in between, Enertrax 
automatically tracks the patient's 
atrial activity and then paces the 
ventricle in response when AV 
conduction fails and no R-wave is 
sensed. It is the finest replacement 
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Designed expressly for atrial 
synchronous, ventricular inhibited 
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over ventricular demand (VVI) 
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directs. Your patient may feel fewer 
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Enertrax is ideal for a child’s grow- 
ing life. Itcan give both young and 
older patients a hemodynamic 
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tions such as loss of atrial sensing 
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Precise, simple patient man- 
agement. Medtronic technology 
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Special telemetry features make 
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while simplifying management for 
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functions are controlled by the 
Medtronic Censys™ programmer, 
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other patient management fea- 
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Teletrace telephone monitoring 
offers you parameter and battery 
status telemetry, as well as trans- 
telephonic EKG transmission. 

For physiologic pacing as indi- 
vidual as each patient’s natural 
heart rate: Enertrax. 
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ENERTRAX™ Model 7100 


Intended Uses 

Atrial synchronous pacing using an implantable VDD pacemaker is 
for patients who have intermittent or complete atrioventricular block 
with normal sinus activity and who would benefit from regular atrial 
contribution to ventricular filling and rate variation based on phys- 
iologic need. 

Contraindications 

There are no known contraindications to the use of pacing as a 
therapeutic modality for control of heart rate. The patient's age and 
medical condition, however, may dictate the particular pacing sys- 
tem, mode of operation, and implantation procedure used by the 
physician. Use of the VDD mode is contraindicated in the presence 
of atrial bradycardias (sick sinus syndrome, sinus arrest), atrial 
fibrillation, atrial flutter or atrial tachycardias. It is also contraindica- 
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and warnings in the technical manuals included with the pulse 
generator. 


Precautions 

The physician should be aware that all pulse generators will ulti- 
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by electrical interference from certain electrical equipment. 


Side Effects 

Body rejection phenomena, including local tissue reaction, muscle 
and nerve stimulation, infection, erosion of pulse generator/lead 
through skin, transvenous lead-related thrombosis, embolism and 
cardiac tamponade. 
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Amicar stopped 
fibrinolytic bleeding 
without more surgery 


Amicar controlled fibrinolytic bleeding 
in all 159 cases treated 


e Hyperfibrinolytic bleeding was the most frequent 
identifiable coagulation disorder in 774 patients following 
cardiopulmonary bypass surgery, occurring in 159, or 20 
percent, of this group.* 

“All of these patients were successfully treated with 
AMICAR (aminocaproic acid) alone, or with AMICAR 
supplemented with cryoprecipitate or fresh-frozen plasma” * 


No thromboembolic complications 
e No increased incidence of blood coagulability or 
pulmonary embolism was observed.* 
“The absence of thromboembolic complications is in 
accord with the findings of other investigators: * 


Amicar dosage 


e To control fibrinolytic bleeding following cardio- 
pulmonary bypass: 10Gm. IV by slow infusion over five 
minutes; then: 2Gm./HR for 5 hours. Continue as needed until 
fibrinolytic bleeding is controlled. 


*Lambert CJ, Marengo-Rowe AJ, Leveson JE, Green RH, et al: The Treatment of Postperfusion 
Bleeding Using €-Aminocaproic Acid, Cryoprecipitate, Fresh-Frozen Plasma, and Protamine Sulfate 
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and an on-site demonstration. 


CAROLINA MEDICAL 
ELECTRONICS, INC. 


P.0. BOX 307, KING, N.C. 27021 USA, TELEPHONE (919) 983-5132 





REPORT 


The Beijing Cardiothoracic Symposium 


Herbert Sloan, M.D., Jeanne Tashian, M.A., and Alfred H. F. Lui, M.D. 


In his introductory remarks to the First Interna- 
tional Symposium on Cardiothoracic Surgery in 
the People’s Republic of China, Dr. Lyman A. 
Brewer, III, observed: 


It is like a dream come true to gaze out on the distin- 
guished group of Chinese and Western surgeons that 
has gathered here. This outstanding cardiothoracic 
meeting has actually come to pass, and I am sure we 
all realize how fortunate we are to be here. When I 
contemplate the ancient culture of China and its 
enormous population—one out of four persons on 
this small planet is Chinese—I feel very humble. 

Medicine in China began in the Shang Dynasty in 
the 16th to 11th centuries Bc, when the first medical 
inscriptions were written on bone and tortoise shell. 
In the Han Dynasty, 206 Bc to ap 220, Hua To was 
probably the first great Chinese surgeon to introduce 
anesthesia, most likely an opium draught, and is 
credited with a number of extraordinary operations, 
even on the chest. A bas-relief shows Hua To 
operating on the famous war hero, Kuan Kang, who, 
probably sedated, is playing chess to divert his mind 
from the operation (Fig 1). 


Thus the tone was set for the historical joint 
endeavor organized by the Surgical Society of 
the Chinese Medical Association and the 
Lyman A. Brewer, III, International Surgical So- 
ciety. The meeting took place in Beijing (for- 
merly Peking), China, September 20-24, 1981, 
the first international cardiothoracic surgical 
meeting of its type in the People’s Republic of 
China. The five days of presentations consisted 
of current concepts in the management of con- 
genital heart, acquired valvular, coronary ar- 
tery, vascular, pulmonary, and esophageal 
diseases. There were 54 presentations by 37 lec- 
turers: 17 from the People’s Republic of China 
and 20 from other nations (Fig 2). 


From the Section of Thoracic Surgery, University of Michi- 
gan Medical Center, Ann Arbor, MI, the White Memorial 
Medical Center, Los Angeles, CA, and the Loma Linda Uni- 
versity School of Medicine, Loma Linda, CA. 


Address reprint requests to Dr. Sloan, Section of Thoracic 
Surgery, C-7079 University Hospital, Ann Arbor, 
MI 48109. 


American speakers included Arnold Mulder 
and Alfred Lui (moderators), D. Craig Miller, 
Herbert Sloan, Richard M. Peters, W. Ross 
Adey, James Maloney, Howard Whigham, 
Thomas B. Ferguson, Lyman A. Brewer, III, 
Richard Carter, Leonard Bailey, John J. Collins, 
George Kafrouni, and John Waldhausen. 
Chinese speakers included Sun Yan-qing, 
Huang Xiao-mai, Lan Xi-chun, and Yang Zhen- 
hwa (moderators), Wu Ying-kai, Feng Yu-xian, 
Xin Yu-lin, Huang Guo-jun, Wu Shan-fang, 
Huang Ao-lin, Shao Ling-fang, Chang 
Quan-fu, Shang Teh-yan, Yao Zhen, Su 
Hung-zi, Yeh Tsun-shiu, Wang Tseng-wei, Cai 
Yong-zhi, Kuo Jia-qiang, Chu Xiao-tong, Shih 
Mei-xin, and Lo Zheng-xiang. Speakers from 
other countries included Charles Dubost 
(France), John Wong (Hong Kong), John 
Callaghan (Canada), Charles Hahn (Switzer- 
land), Viking O. Bjork (Sweden), Hans G. Borst 
(W. Germany), and E. J. Zerbini (Brazil). 

The opening address and welcome were pre- 
sented by Dr. Qian Xin-zhong, Minister of 
Health of the People’s Republic of China. Intro- 
ductory remarks were made by Dr. Huang 
Jia-ssu, President of the Chinese Academy of 
Medical Science and President of the Surgical 
Society of the Chinese Medical Association, 
and Dr. Lyman A. Brewer, III (Fig 3). Dr. John 
C. Callaghan, President of the Lyman A. Bre- 
wer, III, International Surgical Society, and Dr. 
Wu Ying-kai served as co-moderators for the 
first session. 

Dr. Wu conceived the idea of this symposium 
in 1979 when he was Distinguished Lecturer 
at the Annual Symposium of the Lyman A. 
Brewer, III, International Surgical Society in 
Los Angeles. Dr. Fu Yi-Cheng, Secretary Gen- 
eral of the Chinese Medical Association, and 
Madame Hau, Administrative Secretary of 
the Chinese Medical Association, contributed 
greatly to setting up the meeting and the lec- 
tures that took place in various medical centers 
in China after the symposium. The strong sup- 
port of Dr. Qian Xin-zhong, Minister of Health 
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Fig 1. Hua To operating on Kuan Kang as he plays 
chess. Reprinted with permission from Zimmerman and 


Veith, Great Ideas in the History of Surgery. Baltimore, 


Williams & Wilkins, 1961, p 70. 
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(Fig 4), was most important to the success of the 
meeting. The work of Dr. Huang Jia-ssu in his 
various official capacities proved to be a major 
factor in the development of this program. Fi- 
nally, Dr. Wu Ying-kai, as secretary of the or- 
ganizing committee, provided the impetus and 
hard work that saw this meeting to a fruitful 
conclusion. 

The Program Committee was co-chaired by 
Huang Ji-ssu and Lyman A. Brewer, II. Mem- 
bers were Fu Yi-cheng, John C. Callaghan, Lan 
Xi-chun, Richard M. Peters, Alfred H. F. Lui, 
Shih Mei-xin, Su Hung-zi, Sun Yan-qing, 
Howard Whigham, Wu Ying-kai, and Richard 
Carter. 

The symposium provided an opportunity for 
cultural as well as technological and educational 
exchanges. Symposium participants 
treated to an evening featuring one of Beijing’s 
long-standing traditions: a Peking duck dinner, 
served at the New Peking Duck Restaurant. 
Observing the appropriate amenity by arriving 
for dinner a few minutes early, guests sipped 
tea and engaged in polite conversation for pre- 
cisely ten minutes in a lobby just adjacent to the 
restaurant. They were then ushered into a room 
filled with the traditional round tables. Chinese 


were 





113 Report: Sloan, Tashian, and Lui: Beijing Cardiothoracic Symposium 





O“ 


Fig 3. Drs. Qian Xin-zhong, Huang Jia-ssu, and Lyman 
A. Brewer, IIl. 


and foreign dignitaries filled the room, many 
from outside the world of medicine. 

Little alcohol is served in China, but there 
were two tiny wine glasses at each table, one 
filled with a strong spirit dubbed “white light- 
ning” by one American visitor, and the other 
with a sweet red wine. Orange soda and a very 
light beer were available throughout the meal. 
The Chinese toast, Gambéi (roughly translated as 
bottoms up), was pronounced, and the meal 


Fig 2. Group picture, Beijing Cardiothoracic Sym- 
posium. Front row: Shang Teh-yan (Beijing), Howard 
Whigham (Los Angeles), Shih Mei-xin (Shanghai), E. J. 
Zerbini (Brazil), Wu Ying-kai (Beijing), John Callaghan 
(Edmonton), Lyman Brewer, II (Los Angeles), Fu Yi- 
cheng (Beijing), Viking O. Björk (Stockholm), Lan Xi- 
chun (Shanghai), Charles Hahn (Switzerland), Charles 
Dubost (France), and Su Hung-zi (Beijing). Second 
row: Lo Zheng-xiang (Kwangchow), Huang Ao-lin 
(Shanghai), Chang Quan-fu (Nanking), Richard Peters 
(San Diego), Herbert Sloan (Ann Arbor), Richard Car- 
ter (Los Angeles), John Waldhausen (Hershey, PA), 
George Kafrouni (Los Angeles), James Maloney (Los 
Angeles), Ross Adey (Loma Linda, CA), Thomas Fergu- 
son (St. Louis), Sun Yan-qing (Beijing), and Feng Yu- 
xian (Shanghai). Third row: Wang Tseng-wei 
(Shenyang), Cai Yong-zhi (Shanghai), Yeh Tsun-shiu 
(Shanghai), John Wong (Hong Kong), Alfred Lui (Los 
Angeles), D. Craig Miller (Stanford, CA), Leonard 
Bailey (Loma Linda, CA), Wu Shan-fang (Shanghai), 
John Collins (Boston), Roger Elgas (Cobe Laboratories), 
Huang Xiao-mai (Beijing), and Yang Zhen-hwa 
(Cheng-du). Fourth row: Hu Qibang (Beijing), Li 
Howen (Shenyang), Arnold Mulder (Los Angeles), 
Hiroshi Okabe (Travenol International), Albert Fan 
(Travenol International), Robert Timmons (Cobe 
Laboratories), and Chien Chung-xi. Not pictured: Hans 
Borst, Huang Guo-jun, Shao Ling-fang, Yao Zhen, Xin 
Yu-lin, Kuo Jia-giang, and Huang Jia-ssu. 
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Fig 4. Dr. Qian Xin-zhong. 


began. Large platters of hors d'oeuvres were 
placed in the center of each table by student 
waiters. This was followed by a display and 
then serving of the famous Peking duck itself, 
sliced and dipped in a sweet, rich bean curd 
sauce. The ducks are force-fed and raised in a 
commune near Peking. Accompanying the 
duck were small pancakes and sesame seed rolls 
in which the duck was placed to form a little 
sandwich. The next course was the consum- 
mate delicacy—a plate of webbed duck feet! 
The final component of the meal was soup, and 
at that point everyone agreed it was duck soup. 

Following dinner, Dr. Qian Xin-zhong and 
Dr. John Callaghan spoke briefly. Dr. Callaghan 
presented the Chinese hosts with gifts of Inuit 
carvings from northern Canada. 

Both during and after the symposium, the 
guests of the Chinese were privileged to visit 
hospitals practicing traditional Chinese medi- 
cine as well as hospitals practicing the best of 
Western medicine. One such hospital was the 
Zhong Shan Cardiovascular Center and Hospi- 
tal of the First Shanghai School of Medicine. 
This hospital was named to honor the memory 
of the first President of China, Dr. Sun Yat-sen. 
In 1912 when the forces of Sun Yat-sen over- 
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threw the Manchu Emperor, new hope was 
brought to the peasants and workers of China, 
who for centuries had been oppressed by em- 
perors, warlords, and foreign invaders. His 
guiding principles of nationalism, social de- 
mocracy, and livelihood were the backbone of a 
new era for the masses of Chinese people. 

At Zhong Shan Hospital, completely up-to- 
date medicine is being practiced, including 
open-heart and vascular surgery and renal 
transplantation. Most interesting were tech- 
niques for early diagnosis and surgical resec- 
tion of liver tumors. These techniques included 
the use of an artificial liver machine that is 
effective in clearing the blood of toxins in 
hepatitis, and a fluorocarbon solution with the 
ability to transport oxygen, normally the func- 
tion of hemoglobin. 

There were also opportunities to visit a great 
many cultural attractions in China. These in- 
cluded the well-known sites in Beijing as well 
as places outside this huge city of six million 
people. All of the guests making the trip will 
long remember Luoyang and the Longmen 
caves. A unique experience was the visit to the 
archeological excavation in Xian, the burial site 
of the Xin dynasty emperor who unified China. 
The provincial museum of Shensi, in which 


there are thousands of stones displaying mag- 
nificent calligraphy, is one of the most impres- 
sive in all China. 

In his final remarks, Dr. Brewer commented 
on the advanced knowledge of cardiothoracic 
surgery that the surgeons participating in the 
symposium would take home with them and, 
of nearly equal importance, the fostering of 
friendships between thoracic surgeons in 
China and delegates from the Western world. 
He concluded: 


We have seen in the photographs which our as- 
tronauts brought back from the moon that the Earth 
is a small but beautiful planet. We must ensure that 
it remains a place of beauty and peace. In order to 
preserve our politically unstable world for future 
generations, it is important that the People’s Repub- 
lic of China and the United States of America and 
other peace-loving countries work together to de- 
velop joint cultural, scientific, and economic pro- 
grams. If we can unite in these efforts to assist the 
People’s Republic of China in their scientific and 
economic development, there appears to be no ques- 
tion that peace may be assured and our planet may 
be saved from worldwide holocaust and destruction. 


We thank Mrs. Doris Sloan for assisting us with in- 
formation about China and for critiquing the manu- 
script, and Dr. Lyman A. Brewer, III, for his many 
helpful suggestions. 
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EDITORIAL 


The Dilemma of the Ascending Aortic Aneurysm 


Henry T. Bahnson, M.D. 


Starting on page 117 of this issue, Egloff and 
associates, of Zurich, Switzerland, discuss their 
experiences over the past decade with aneu- 
rysms of the ascending aorta. The progression 
of techniques that they describe mirrors the 
changing experience of others as methods have 
improved and risk has decreased. 

Partial or tangential excision was recom- 
mended initially for aneurysms due to cystic 
medial necrosis (and, even more appropriately, 
for some aneurysms due to syphilis). Wrapping 
with a fabric binder or a segment of aortic 
prosthesis seemed to offer protection against 
progressive enlargement of the diseased aorta. 
With better management of extracorporeal cir- 
culation and myocardial preservation, the risk 


of replacing the ascending aorta is low enough ` 


to make it the preferred operation, especially in 
a patient who would be a candidate for wrap- 
ping. Egloff and colleagues stress the advantage 
of preserving normal tissue to decrease the risk 
of cerebral embolism, but a prosthetic aortic 
valve is probably a greater offender than a 
tubular prosthesis in the ascending aorta. 

In treating an ascending aortic aneurysm, it is 
uncommon for all the diseased tissue to be re- 
moved. This may mean leaving dilated or dis- 
sected aorta extending beyond the ascending 
aorta into the arch; also, slight involvement of 
the aortic base is sometimes associated with 
normal leaflets and mild aortic regurgitation. 
Leaving additional tissue is usually the case in 
treatment of Marfan’s syndrome, which affects 
many areas of the body, and one must be con- 
tent to do the best that is compatible with rea- 
sonable risk. Extending the excision into the 
aortic arch adds inordinately to the operative 
risk and offers little benefit. 

The aortic valve often poses a quandary. It is 
probably better to have a slightly abnormal and 
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imperfect valve composed of the patient's own 
tissue, providing it is not badly regurgitant, 
than a prosthetic valve. As prostheses. have im- 
proved, this advantage has diminished, but 
one can often restore. aortic valvular function by 
resuspending a commissure that has. been 
dropped by dissection, restoring the normal 
diameter of the aortic ring by anastomosing a 
smaller prosthetic aorta when the leaflets are 
normal, or making the valve a bicuspid one and 
obliterating the noncoronary: sinus of Valsalva. 
Adequate function may be obtained in the last 
two instances, but perfect competence is rare. 

The -principal argument today is whether 
aortic valve replacement. should be done by 
using a composite valve-containing conduit 
and implantation of the coronary arteries, or by 
replacing the valve separately from the conduit 
with preservation of the aortic root and the 
coronary arteries intact. Two articles published 
in 1980 [1, 2] report excellent and comparable 
results, though with predominantly different 
methods. Neither method is free of complica- 
tions. A key point in selection of method is the 
degree of involvement of the sinuses of Val- 
salva. When the sinuses are greatly dilated and 
elongated and the coronary arteries arise high, 
as commonly occurs in Marfan’s syndrome, 
composite replacement and reimplantation of 
the coronary arteries is preferable. When the 
dilatation does not extend into the tissues of the 
sinuses, even though the ring may be dilated, 
tongues of tissue may be preserved with the 
coronary arteries, and the valve and aorta re- 
placed separately. Often only small tongues of 
tissue need to be preserved to retain the coro- 
nary arteries intact. Indeed, when the coronary 
arteries arise low, they may be kinked and 
obstructed by reimplantation. 

Long follow-up is needed to assess recur- 
rence, the main concern in selection of method. 
McCready and Pluth [3] are usually cited in re- 
gard to recurrence, but they report no recurrences 
from operations performed after 1972. Since 


445 ANNO Andrioninonttt Anand AE A AIDON LA. TE n On ute nE TE aao i Oaa a mo 


116 The Annals of Thoracic Surgery Vol 34 No 2 August 1982 


then, not only has follow-up become shorter 


but newer techniques and more aggressive 


removal have been used. The type of operation 
alone is not the entire answer, since Egloff and 
co-workers report recurrence after all types of 
procedures and with all types of disease. 
Hemorrhage, the result of weakened tissue, dis- 
parities in size, and heparin, is another spe- 
cial problem. Wrapping the prosthesis with the 
aneurysm may help control bleeding, but this 
introduces the problem of kinking or obstruc- 
tion as a result of accumulation of blood be- 
tween the prosthesis and the aneurysmal wall. 

Thus, although great progress has been made 


in the last decade, the ascending aorta is still 


challenging, and questions remain as to the best 
mode of treatment. 
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The Ascending Aortic Aneurysm: 


Replacement or Repair? 


L. Egloff, M.D., M. Rothlin, M.D., J. Kugelmeier, M.D., 


A. Senning, M.D., and M. Turina, M.D. 


ABSTRACT Between 1971 and 1980, 100 patients 
underwent operation for ascending aortic aneurysm. 
Acute dissection was present in 29, chronic dissec- 
tion in 11; 56 had dilatation only, and 4 had inflam- 
matory disease of the ascending aorta. Four different 
operative procedures were applied independent of 
the type of disease: repair and reduction aortoplasty 
(21), reduction aortoplasty reinforced by nylon net 
(17), supracoronary graft replacement (42), and com- 
posite graft replacement with reimplantation of both 
coronary ostia (20). Early mortality was 10%, and late 
mortality was 12% after a mean follow-up of 45 
months. 

Retrospective comparative analysis of the four 
operative methods led to the following conclusion: 
reduction aortoplasty supported by a tightly wrapped 
synthetic net is a suitable method in patients 
with a normal sinus of Valsalva and without dissec- 
tion or inflammatory disease. Particular attention 
needs to be drawn to the proximal anchor stitches 
to avoid late net displacement. Compared with 
supracoronary or composite graft replacement, this 
method carried a lower complication rate, par- 
ticularly in regard to cerebrovascular accidents and 
myocardial infarction. For patients with acute and 
chronic dissection with intact aortic root, su- 
pracoronary graft replacement is preferred, whereas 
in those with annuloaortic ectasia with dilated sinus 
of Valsalva and in all patients with Marfan’s syn- 
drome, composite graft replacement has become the 
procedure of choice. 


Over the years, various methods of dealing 
with the still formidable problem of ascending 
aortic aneurysm disease have been described. 
Complications of radical surgery in which most 
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or all of the aneurysm tissue is resected have to 
be weighed against more conservative pro- 
cedures that preserve as much as possible of the 
aorta and its major branches. Technical consid- 
erations and complications related to available 
graft materials must be evaluated and compared 
with the overall prognosis of the disease, usu- 
ally not limited to the ascending aorta. This re- 
port retrospectively analyzes our experience 
over the past 10 years using different surgical 
techniques to repair or replace ascending aortic 
aneurysms. 


Materials and Methods 

A total of 100 patients underwent an operative 
procedure of the ascending aorta from 1971 to 
1980. Table 1 summarizes the preoperative 
data. Of the 81 patients with aortic valvular 
disease requiring valve replacement, 50 had 
regurgitation predominantly, 10 stenosis, and 
21 a combined lesion. Little more than half the 
patients had only aneurysmal dilatation of the 
ascending aorta; most of the remaining patients 
were seen with acute or chronic dissection. In- 
flammatory disease of the ascending aorta has 
been rare. There were 3 patients with syphilitic 
mesoaortitis, and one instance of a nonspecific 
inflammation. Fifteen percent of patients had 
clinical signs of Marfan’s syndrome. 

All operations were done during cardiopul- 
monary bypass, with mild to moderate hy- 
pothermia. Diseased aortic valves were re- 
placed in all but 1 patient in whom the valve 
was repaired. Sixty-four mechanical and six- 
teen porcine bioprostheses were implanted. 
Four different techniques were used for repair 
or replacement of the ascending aorta. During 
the early phase of this study, the ascending 
aorta often was repaired and simply tailored to 
a normal diameter. Later, the repaired vessel 
was wrapped with a nylon binder for rein- 
forcement, or replaced by a supracoronary 
tightly woven Dacron graft. More recently, 
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Table 1. Preoperative Data 
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composite graft replacement with reimplanta- 
tion of the coronary artery ostia has been fa- 
vored for concomitant aortic valve disease and 
. ascending aortic aneurysm (Table 2). 


Results 

A summary of mortality and follow-up data is 

: given in Table 3. Except for a higher early mor- 

‘tality in the group with acute dissection (21% 
‘Versus 9% {chronic dissection], 5% [dilatation 
only], and 0 {inflammatory disease]), no dif- 
. ferences between the four groups of patients 
7 can’ be observed. Thirteen (15%) of the 87 
patients followed postoperatively have been 
` ‘diagnosed to have recurrent disease at the as- 
; cending aorta during a mean follow-up period 
: of close to 4 years. 
‘In Table 4, the causes of early death are 
; shown relative to the type of operation. Low 
‘output syndrome occurring early after opera- 
tion was the most frequent lethal complication 
(4 patients, 3 of them undergoing emergency 


Acute Chronic Dilatation Inflammatory 
Variable Dissection Dissection Only Disease Totals 
No. of patients 29 11 56 4 100 
‘Male/female patients 25/4 8/3 46/10 3/1 82/18 
Mean age (yr)? 46 (15-69) 40 (25-64) 48 (25-66) 50 (28-64) 47 (15-69) 
Concomitant significant 14 8 56 3 81 
aortic valvular disease 
Marfan’s syndrome 4 3 8 o, 0 15 
Preop clinical class (mean) 3.96 3.09 2.81 3.0 3.18 
Range in parentheses. 
>Class based on New York Heart Association criteria. 
Table.2. Operative Data 
l Acute Chronic Dilatation Inflammatory 
Operation Dissection Dissection Only Disease Total 
‘Simple reduction aortoplasty 3 3 14 1 21 
Reduction aortoplasty rein- 1 2 14 0 17 
forced by nylon net 
Supracoronary graft 21 5 13 3 42 
replacement 
Composite graft 4 1 15 0 20 
replacement 
Total — 29 11 56 4 100 


operation because of acute dissection). Bleed- 
ing at the suture line could not be controlled in 
three instances, twice after simple aortoplasty 


‘in absence of dissection and once after supra- 


coronary graft interposition in a patient with 
acute dissection. Two patients sustained mas- 
sive myocardial infarction, 1 due to narrowing 
of the right coronary ostium after supracoro- 
nary graft replacement and the other due to 
thrombosis at the left coronary artery ostium 
early after composite graft replacement. 
Serious perioperative complications are listed 
in Table 5. The overall incidence of nonlethal 
myocardial infarction has been 13%; however, 
this probably is underestimated, since in the 
early part of this series, enzyme and electrocar- 
diographic studies were not routinely obtained. 


-It occurred most often after supracoronary graft 
replacement for acute dissection. Patients with 
‘a clearcut neurological deficit are listed under 


the heading ‘cerebrovascular accident. We have 
observed this complication only after graft re- 
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Table 3. Mortality and Follow-Up Data 





Acute Chronic Dilatation Inflammatory 
Dissection Dissection Only Disease Total 
Data (n = 29) (n = 11) (n = 56) (n= 4) (n = 100) 
Early mortality 6 (21%) 1 (9%) 3 (5%) 0 10 (10%) 
Late mortality* 2 2 7 0 11 
Recurrent disease at 3 1 9 0 13 
ascending aorta 
Lethal 0 0 2 2 
Lethal at reoperation 0 0 2 2 
Survived reoperation 1 1 4 6 
No reoperation 2 0 1 3 
Lost to follow-up 0 2 0 1 3 
Postop clinical class 1.7 1.7 1.6 1.5 1.63 
(mean)? 
Mean follow-up (mo) 43 (7-100) 56 (6-112) 45 (6~117) 39 (15-82) 45.1 (3-117) 
‘Includes deaths listed under recurrent disease. . 
>Class based on New York Heart Association criteria. 
Table 4. Causes of Early Death Related to Type of Operation 
Simple Aortoplasty Supracoronary Composite 
Cause of Aortoplasty + Nylon Net Graft Graft 
Death (n = 21) (n = 17) (n = 42) (n = 20) 
Low cardiac output 1 0 1 2 
Myocardial infarction 0 0 1 1 
Early postop 2 0 1 0 
suture-line bleeding 
Dissection into 1 0 0 0 
carotid artery 
Total 4 (19%) 0 3 (7%) 3 (15%) 


placement, especially following supracoronary 
graft interposition. The incidence of neurologi- 
cal perioperative complications with reference 
to type of disease and operative procedure is as 
follows: There were none among any patients 
who had simple aortoplasty or aortoplasty with 
nylon net. Among patients who underwent in- 
sertion of a supracoronary graft, 3 with acute 
dissection, 1 with chronic ‘dissection, 2 with 
dilatation only, and 1 with inflammatory 
disease had a perioperative cerebrovascular ac- 
cident. Among patients given a composite graft, 
only 1 (dilatation only). had a cerebrovascular 
accident. 

Late lethal and nonlethal complications re- 
lated to type of operation are summarized in 
Table 6. Recurrent dilatation or dissection at the 


ascending aorta has been the most frequent late 
complication, particularly after simple aorto- 
plasty, although none of these patients had 
Marfan’s syndrome. In spite of reinforcement of 


` the ascending aortic repair with a nylon binder, 


3 of 17 patients had recurrent dilatation after a 
mean follow-up of 4 years. Two of them had 
Marfan’s ‘syndrome. Two were reoperated on 
and found to have a distally displaced:net al- 
lowing proximal aortic dilatation. Of the 4 
patients who underwent supracoronary, graft 
replacement and had recurrent disease, 3 had 
Marfan’ s syndrome, and 3 underwent reopera- 
tion. In 1 patient, the sinus ‘of Valsalyg EPON 
perforated into the right atrium; 1 had. dSfenosig’ 
at the origin of the ‘innominate 4 tër Bp the a 
distal graft anastomosis. Two of tite patitats s 
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Table 5. Serious Perioperative Complications Related to Operative Procedure 








Simple Aortoplasty Supracoro- Composite 
Aortoplasty + Nylon Net nary Graft Graft 
Procedure (n = 21) (n = 17) (n = 42) (n = 20) 
Myocardial infarction 3 1 9 0 
Low cardiac output 0 0 5 0 
Reoperation for hemorrhage 2 1 2 1 
Reoperation for type II 0 0 1 0 
dissection 
Reoperation for prosthetic valve 1 0 0 0 
dehiscence 
Reoperation for subvalvular aortic 0 0 1 0 
stenosis 
Cerebrovascular accident 0 0 7 1 
Sternal dehiscence 1 0 0 D 
Third-degree atrioventricular block 0 0 0 1 
Postcardiotomy syndrome 0 0 1 1 
Respiratory failure 1 1 11 0 
Renal failure 3 0 2 0 
Perforated duodenal ulcer 0 0 1 0 
Table 6. Late Deaths and Complications Related to Type of Operative Procedure? 
Simple Aortoplasty Supracoro- Composite 
Aortoplasty + Nylon Net nary Graft Graft 
(n = 16) (n = 17) (n = 38) (n = 16) 
Recurrent aneurysm disease of the 5 (3) 3 (1) 4 1 
ascending aorta 
Congestive heart failure 1 (1) 1 (1) 0 0 
Sudden death 0 0 0 1) 
Death from unknown cause 1(1) 11) 1 (1) 0 
Acute type III dissection 0 0 3 (1) 0 
Cerebrovascular accident, major 0 0 1 1 
Angina pectoris 0 0 1 0 
Paraprosthetic aortic leak 0 2 2 0 
Severe anticoagulant hemorrhage 0 1 0 0 
Hepatitis 0 1 1 1 
Cytomegalovirus infection 0 0 1 0 
Mean follow-up (mo) 54 48 48 26 


“Numbers in parentheses indicate late deaths. 


have increasing aneurysmal dilatation of the 
sinus of Valsalva. Among the patients given a 
composite graft, 1 patient with no signs of Mar- 
fan’s syndrome underwent reoperation because 
of pseudoaneurysm at the distal anastomosis. 
The follow-up period for these patients has 
been about half that for the remaining three 
groups. 

In the entire group of patients, 2 sustained a 


late cerebrovascular accident. Both had under- 
gone graft replacement of the diseased ascend- 
ing aorta and concomitant aortic valve replace- 
ment. 


Comment 

During the past 10 years, we have applied sev- 
eral operative methods to treat 100 ascend- 
ing aortic aneurysms with various disease 
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involvements. Results are reviewed by retro- 
spective analysis and are related to type of 
disease and operative procedure. 


Early Mortality 
One-month mortality has been highest among 
patients with acute dissection (20% versus 10% 
for the entire series). The high incidence of low 
cardiac output after bypass reflects the com- 
promised preoperative state of these patients. 
Operative mortality in the recent literature 
ranges from 13 to 73% [1-6] for acute dissec- 
tion, and probably depends a great deal on 
the patient population and referral patterns of 
different institutions. For elective operations, 
the operative mortality is much lower (5.6% in 
our series) and there are fewer differences 
among institutions [2-4, 6-15]. In regard to 
type of operation, simple aortoplasty resulted 
in lethal suture-line bleeding and uncontrolled 
dissection in 14% (3 patients). Reinforcement of 
the aortic wall with a nylon binder as suggested 
by Bahnson and Nelson [16] and later by Ro- 
bicsek and colleagues [17-20] has virtually 
eliminated early suture-line hemorrhage. Su- 
pracoronary graft replacement according to the 
method of Wheat [21], Groves [22], and their 
co-workers, or composite graft replacement as 
described by Bentall and de Bono [23] and Ed- 
_ wards and Kerr [24], has been technically more 
demanding, but is preferable for very large 
or dissecting aneurysms. Lethal complications 
due to technique occurred in 5% of our 
patients (suture line bleeding, coronary ostium 
narrowing, and thrombosis). 


Perioperative Complications 

Most perioperative complications can be related 
to the severity of the disease, the patient’s gen- 
eral preoperative condition, or both, and are 
independent of the operative procedure. An ex- 
ception is represented by the 13% incidence of 
early cerebrovascular accidents in patients re- 
ceiving a graft replacement (8/62); no such com- 
plication was observed in the groups having re- 
pair. We assume that this might be due either to 
dissection into the carotid artery or to early em- 
bolization from the inner, preclotted surface of 
the graft. For the latter reason we recently have 
omitted use of the more thrombogenic, extra- 


low-porosity grafts, and favor a material of 
greater porosity. If at all possible, the aneurysm 
wall is wrapped around the graft for hemostasis 
[24]. There is little mention in the literature of 
perioperative neurological complications after 
graft replacement of the ascending aorta. In two 
reports, the incidence was 2.3 and 3.4%, re- 
spectively [11, 15]. 


Late Deaths and Complications 

By far the most frequent single cause of late 
morbidity and mortality was recurrent disease 
at the ascending aorta. It was observed in 15% 
of patients followed for a mean of 45 months. 
Since it occurred in patients with all types of 
disease (except the small subset of patients with 
inflammatory aneurysm) and after all types of 
operative procedures, a tissue factor must be of 
particular importance. This is supported by the 
fact that recurrent aneurysms developed in 30% 
of all patients with Marfan’s syndrome. With re- 
spect to surgical technique, simple aortoplasty 
has produced the highest number of recur- 
rences, although the other three types of pro- 
cedures have not been free from this complica- 
tion. Of the 3 patients in whom recurrent 
proximal aneurysms developed after aorto- 
plasty and net reinforcement, 2 had Marfan’s 
syndrome and retrospectively should have had 
a composite [12-15] or a radical supracoronary 
graft replacement [11]. In the 2 patients who 
underwent reoperation, it was found that the 
net had not been securely anchored proximally, 
allowing distal displacement and aneurysm 
formation. An important technical detail to 
prevent distal dislodgment of a binder has been 
proposed by Robicsek [20]. He anchors the ex- 
ternal graft during concomitant aortic valve re- 
placement with preplaced sutures correspond- 
ing to the noncoronary cusp and the three 
commissures. The latter -ones are driven 
through the aortic wall and the external graft, 
and are tied outside. We have used this method 
several times during the last year and have 
found it very helpful. 

Recurrent aneurysm formation also has oc- 
curred after supracoronary graft replacement. 
Of the 4 patients concerned, 3.had Marfan’s 
syndrome, and the aneurysms developed in 
one of the sinuses of Valsalva; in the fourth pa- 
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tient, the aneurysm developed at the distal dence of sinus of Valsalva aneurysm if the aortic 
anastomosis. Again, for patients with Marfan’s root is left in place. 

syndrome, the composite graft technique ap- 
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Discussion 

DR. DENTON cooLey (Houston, TX): I had the 
privilege of reviewing Dr. Egloff’s paper and found it 
very interesting. Our experience at the Texas Heart 
Institute also during a 10-year period includes 434 
patients with an overall mortality of 16%. Among the 
279 patients with a nondissecting type of aortic 
aneurysm, we had an operative mortality of 14%, 
whereas among the 155 patients with a dissecting 


_ aneurysm, a 19% mortality occurred. Among the 


patients with acute dissecting aneurysm, we had a 
38% mortality (10 deaths), but in a more recent group 
of 14 patients, only 2 died (14%). The numbers from 
which to draw conclusions are relatively small, but 
the operative mortality has been progressively re- 
duced. 

Among the patients undergoing resection of the 
nondissected ascending aorta, 41 of 56 patients had 
concomitant replacement of the aortic valve and 6 
had resection of the transverse arch. Among patients 
with dissecting lesions, open repair of the distal ex- 
tent of the lesion has become almost routine. At 
present, we assume that all patients requiring re- 
placement of the ascending aorta for acute dissection 
should have the distal anastomosis done by the 
“open” method. For this purpose, the patient’s body 


temperature is reduced to 24°C during cardiopulmo- 
nary bypass and then circulation is arrested. Aspira- 
tion of blood from the transverse arch permits iden- 
tification of the true and false lumen and of the 
orifices of the arch vessels, and allows restoration of 
graft continuity with the true lumen. Then car- 
diopulmonary bypass is restored, and the remainder 
of the repair, which may include aortic valve re- 
placement and coronary bypass, is performed while 
the patient is rewarmed. Dr. Egloff, we prefer to 
wrap the aorta and, particularly, the distal anas- 
tomosis with a velour Dacron fabric graft, since ex- 
perience has shown that nylon fabric disinte- 
prates in the human body. I prefer to resect rather 
than wrap the ascending aorta, since the wrap is in- 
effective on the most proximal part of the an- 
eurysm. 

This raises an important point about preparation 
of the low-porosity woven Dacron tube graft. We 
have found that using homologous platelet-rich 
plasma, baked or autoclaved on the fabric graft, ren- 
ders the graft blood tight. Even prolonged exposure 
to cardiopulmonary bypass in the heparinized pa- 
tient does not wash away the fibrin coagulum. This 
technique has reduced blood loss substantially in 
aortic operations performed during hypothermic ar- 
rest. 


DR. FRANCIS ROBICSEK (Charlotte, NC): I certainly 
enjoyed this excellent paper, and I thank the authors 
for the attention given to the method developed by 
me and my colleagues. I will review it briefly. This 
method could be applied in a very well selected 
group of patients in whom the sinus of Valsalva is 
not involved, especially if the aneurysm is fusiform. 
Patients with Marfan’s disease are especially ideal 
candidates. An oval portion of the aortic valve is ex- 
cised and a prosthetic valve of the surgeon's choice is 
inserted; the anchoring stitches corresponding to the 
commissures are placed through the prosthesis and 
the aortic wall outward, and are tied over pledgets. 
The needles are not cut, and the sutures are left long. 
After closure of the aortotomy, a properly fitted 
Dacron prosthesis (and I certainly agree with Dr. 
Cooley’s remark about the nylon) is placed around 
the aorta. Then the stitches that are still hanging 
long are driven.through the graft; in this way, the 
prosthesis is anchored securely. In the last 2 years, 
we have used this method in 9 patients. 

This method:has several advantages. I do not see 
any reason to put the graft on the inside where it can 
bleed, when it can be placed from the outside and 
not bleed. Using this method maintains the en- 
dothelial lining of the aorta, and the whole process 
can be done with the same cross-clamp time and 
perfusion time required for an uncomplicated aortic 
valve replacement. 

In general, I do not recommend use of this method 
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in dissecting aneurysms, although it could be done 
in selected patients. One patient had total replace- 
ment of a thoracoabdominal aneurysm. Two years 
later, a well-localized dissection developed, which 
was treated as I have described. The regurgitant 
valve was suspended, suspension sutures were 
pulled outside and the wall was reinforced. 
Coronary grafting could also be done conveniently 
at the same time. However, if holes are made in the 
graft, they should be carefully tacked down so that 
the aortic graft does not strangle the coronary graft. 


DR. EGLOFF: I thank Dr. Cooley and Dr. Robicsek for 
their kind remarks, particularly regarding surgical 
technique. With respect to nylon, the head of our de- 
partment, Dr. Ake Senning, purchased a piece of 
synthetic curtain, apparently of good quality, at a 
grocery store. We have not encountered any prob- 
lems during the past 10 years. We now know of 
commercially available nets produced by companies 


making medical products and keep these more ex- 
pensive materials at our hospitals as well. 

As far as patients with Marfan’s syndrome are con- 
cerned, I disagree with Dr. Robicsek about using his 
method under those circumstances. Our reoperation 
rate of 30% in these patients has led us to adopt a 
more aggressive approach. Composite graft replace- 
ment has become the preferred treatment. 

My last comment concerns patients with aortic 
valve disease and a mildly or moderately dilated as- 
cending aorta. In such patients, the choice between 
radical replacement of the ascending acrta and no 
treatment is often difficult. Composite graft replace- 
ment carries a not insignificant complication rate; on 
the other hand, we have observed 5 patients in 
whom late dissection or rupture of a known but un- 
treated mild ascending aortic aneurysm developed 
after aortic valve replacement. In these situations, 
reduction aortoplasty reinforced by a synthetic net 
offers an excellent alternative. 


Management of Ascending Aortic 
Aneurysm Complicating Coarctation of the Aorta 
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ABSTRACT Four patients with coarctation of the 
aorta complicated by an aneurysm of the ascending 
aorta are described. One patient, treated only medi- 
cally, died suddenly. For the 3 patients who under- 
went operation, management was similar. Phar- 
macological control of blood pressure and repair of 
the aortic coarctation to achieve anatomical reduction 
in afterload (stage I) were followed after an interval 
of one to five weeks by surgical repair of the as- 
cending aortic aneurysm (stage II). 

Initial repair of the coarctation relieves proximal 
hypertension, thereby decreasing the chance of pro- 
gressive dissection or rupture of the aneurysm. It 
also permits safe arterial cannulation for perfusion 
during correction of the aneurysm in the second 
stage. In patients not requiring valve replacement in 
stage II, continued long-term follow-up for progres- 
sion of aortic valvular disease appears to be neces- 


sary. 


Coarctation of the aorta is a common congenital 
cardiac anomaly, which now, in general, is re- 
paired electively in the first 10 years of life. If 
repair is delayed, complications related to 
hypertension in the proximal aortic segment 
often develop, and include aneurysmal dilata- 
tion with dissection or rupture. The combina- 
tion of coarctation of the aorta and ascending 
aortic aneurysm requiring operative interven- 
tion has received little attention in the litera- 
ture. This report focuses attention on the 
challenging surgical problems that this com- 
bination represents. 
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Material and Methods 

Since 1973, 4 patients with coarctation of the 
aorta and an aneurysm of the ascending aorta 
have been treated at the University of Kentucky 
Medical Center. During the same period, no 
examples of aneurysm of the aorta distal to a 
coarctation have been identified. The case his- 
tories of the 4 patients follow. 


Patient 1 
A 12-year-old white boy had an episode of 
fainting while playing basketball at school and 
was taken to a local physician to whom he 
complained of headache and abdominal pain. 
The past history indicated that a diagnosis of 
coarctation of the aorta with aortic stenosis was 
made when the patient was 8 years old. A 
workup at that time included cardiac catheteri- 
zation which demonstrated a 20 mm Hg gra- 
dient across the coarctation. Operation was not 
recommended, and in the ensuing 4 years the 
patient experienced only mild congestive heart 
failure, managed with digoxin and diuretics. 
On the latest admission, the physical exam- 
ination showed a normal habitus. Cardiac ex- 
amination revealed a quiet precordium with no 
palpable point of maximal impulse. A grade 2/6 
systolic ejection murmur was audible along the 
left sternal border, and there was intermittent 
gallop rhythm. The right radial pulse was nor- 
mal. The left radial pulse and both femoral 
pulses were weak. The remainder of the physi- 
cal examination was unremarkable, and the 
child was afebrile. On the first hospital day, he 
had a spiking temperature to 38.9°C. The white 
blood cell count was 14,300/mm® with 82% 
polycytes. Subacute bacterial endocarditis was 
suspected, but numerous blood cultures were 
negative. The patient remained in stable con- 
dition, but unexpectedly on the third hospital 
day, he experienced a cardiac arrest. Attempts 
at resuscitation were unsuccessful, and the pa- 
tient died. 
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Postmortem examination confirmed a moder- 
ate coarctation of the aorta just distal to the ori- 
gin of the left subclavian artery. There was 
striking aneurysmal dilatation of the ascending 
thoracic aorta with localized dissection and 
transmural rupture arising in a 3.4 cm long, 
transverse intimal tear in the posterior wall of 
the aneurysm just 1 cm above the aortic valve. 
Three hundred fifty milliliters of freshly clotted 
blood distended the pericardial sac. Histologi- 
cal sections of the aorta proximal to the coarcta- 
tion showed prominent cystic medial necrosis 
and nonspecific intimal fibrosis. In the region 
of recent rupture, there was an infarct of the 
wall of the aorta with a focal aortitis containing 
mononuclear cells and giant cells. The aortic 
valve was bicuspid, thickened, and mildly in- 
competent, and there was no evidence of bacte- 
rial endocarditis. The cause of death was aneu- 
rysmal rupture with cardiac tamponade. 


Patient 2 

A 37-year-old white man had an 18-year history 
of hypertension treated medically by the family 
physician. Following the sudden onset of se- 
vere substernal chest pain, he was admitted to 
the hospital for a suspected myocardial infarc- 
tion. However, during the first three hospital 
days there were no electrocardiographic or car- 
diac enzyme changes indicative of infarction. 
On the third hospital day, ventricular fibrilla- 
tion and cardiac arrest occurred. The patient 
was successfully resuscitated. Following this, 
the cardiac enzymes were elevated, and he was 
hospitalized for three weeks on a regimen of 
antihypertensive medication and digoxin. The 
patient then was referred to the University of 
Kentucky Medical Center for further evalua- 
tion. 

On physical examination he had a normal 
habitus. The blood pressure in the upper ex- 
tremities was 130/80 mm Hg, with no palpable 
pulses in the lower extremities. Cardiac exam- 
ination revealed lateral displacement of the 
apical impulse, and on auscultation a grade 
3/6 systolic ejection murmur was noted at the 
apex, along the left sternal border, and in the 
interscapular area. The chest roentgenogram 
showed cardiomegaly, bilateral notching of the 
ribs, and the “3 sign” suggestive of coarctation 
of the aorta. On the electrocardiogram, the ef- 





Aortogram (Patient 2) in the left anterior oblique pro- 
jection, demonstrating coarctation of the aorta and a 
large ascending aortic aneurysm from the aortic valve to 
just proximal to the origin of the innominate artery. 


fect of the digitalis was evident. An echocar- 
diogram showed a greatly dilated aortic root. 
Cardiac catheterization was performed, and co- 
arctation of the aorta distal to the left subcla- 
vian artery was noted. There was a pressure 
gradient of 50 mm Hg across it. Angiography 
(Figure) demonstrated a severe coarctation and 
a type II dissection of the proximal aorta that 
involved the origin of the left coronary artery. 

The initial surgical procedure (stage I) con- 
sisted of repair of the coarctation. Because of 
adequate collateral vessels, it was possible to 
clamp the aorta above and below the coarcta- 
tion without using any form of bypass or shunt. 
The aorta was incised longitudinally, the coarc- 
tation membrane was resected, and a woven 
Dacron patch was placed over it. The postoper- 
ative period was uneventful, with good lower ex- 
tremity pulses present at the time of discharge. 

One week later the patient underwent surgi- 
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cal repair of the ascending aortic aneurysm 
(stage II) through a median sternotomy inci- 
sion. He was placed on cardiopulmonary by- 
pass with arterial cannulation in the femoral 
artery. A cross-clamp was applied proximal to 
the innominate artery. On inspection, the aneu- 
rysm was noted to be limited to the ascend- 
ing aorta, and there was an intimal tear pos- 
teriorly and close to the left coronary ostium 
with intramural dissection that extended both 
proximally and distally. The aortic valve was 
bicuspid and scarred, with areas of calcifica- 
tion. Replacement of the ascending aorta and 
the aortic valve was accomplished using a 30 
mm woven Dacron tubular graft attached to a 29 
mm Bjérk-Shiley aortic valve prosthesis. After 
the excess tissue of the aneurysm was removed, 
the wall was closed with sutures over the graft 
for hemostasis. The coronary arteries were im- 
planted into the graft, with myocardial protec- 
tion by means of moderate hypothermia and 
coronary perfusion. 

Pathological examination of the aortic valve 
showed it to be bicuspid, with stenosis and 
dystrophic calcification. The aneurysm from the 
ascending aorta showed evidence of healing of 
arecent dissection, with thrombus formation in 
the dissection channel. There was also cystic 
medial necrosis with intimal fibrosis. The pa- 
tient did well postoperatively, and was dis- 
charged after ten days. 

Two and one-half-years later he was admitted 
for dehiscence of the left coronary artery from 
the graft, where a pseudoaneurysm had formed. 
Successful repair was achieved using a segment 
of saphenous vein, which was anastomosed to 
the Dacron graft and the native left coronary 
artery. The postoperative course was unevent- 
ful, and currently the patient is asymptomatic 
6 years following the initial operation. 


Patient 3 

A 20-year-old white man with a vague history 
of recent chest tightness and palpitations was 
first noted to have a heart murmur by his family 
physician during treatment of an upper re- 
spiratory tract infection. He was referred to the 
University of Kentucky Medical Center for fur- 
ther evaluation. On physical examination the 
patient had a normal habitus. The blood pres- 
sure in both upper extremities was 150/88 mm 


Hg, and pulses could not be palpated in the 
lower extremities. The apical cardiac impulse was 
displaced to the sixth intercostal space along the 
anterior axillary line. A grade 3/6 systolic ejec- 
tion murmur was heard along the left sternal 
border and in the interscapular area. The chest 
roentgenogram showed cardiomegaly, a dilated 
ascending aorta, and bilateral notching of the 
ribs. The electrocardiogram demonstrated left- 
axis deviation. At cardiac catheterization a com- 
plete coarctation of the descending thoracic aorta 
was detected. Angiography demonstrated a 
large aneurysm of the proximal aorta. The aortic 
valve was bicuspid, without a demonstrable 
gradient across it. There was no evidence of aor- 
tic or mitral insufficiency, and left ventricular 
function studies were within normal limits. 

The coarctation was repaired during stage I 
through a left thoracotomy incision. The aorta 
was incised vertically proximal and distal to the 
coarctation, and it was noted that no lumen 
existed through the coarctation. Then a 20 mm 
woven Dacron tubular graft was interposed, 
being anastomosed end-to-end to the aorta. 
This was achieved without using any form of 
bypass or shunt because there were adequate 
collaterals. The postoperative course was un- 
eventful, and at the time of discharge, the pa- — 
tient’s blood pressure was 110/70 mm Hg and he 
had good, palpable femoral pulses. 

He was readmitted five weeks after the initial 
operation for the repair of the ascending aortic 
aneurysm (stage II). Operation was performed 
through a median sternotomy incision, using 
cardiopulmonary bypass with arterial cannu- 
lation in the transverse arch. A fusiform 
aneurysm limited to the ascending aorta was 
noted, with a transition to normal-appearing 
aorta in the transverse arch. The aneurysm was 
incised longitudinally. The aortic valve was 
bicuspid without much thickening or calcifica- 
tion. A 30 mm woven Dacron graft was inter- 
posed from the supracoronary position to just 
beneath the takeoff of the innominate artery. 
The excess tissue of the wall of thé aneurysm 
was resected, and the remainder was closed 
over the graft. 

Pathological examination of the aneurysm 
wall showed numerous linear intimal tears, and 
microscopically there was mild intimal ath- 
erosclerosis with thinning and loss of elasticity 
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in the media. Focal scarring was also noted in 
the media. At the time of writing, 3 years 
-have passed since the second operation, and 
the patient is asymptomatic with a blood pres- 
sure of 134/60 mm Hg. 


Patient 4 

An 18-year-old asymptomatic black man was 
noted to have hypertension on routine pre- 
employment physical examination. Hydro- 
chlorothiazide therapy was begun, and he was 
referred for workup of the hypertension. On the 
day of admission, he complained of prolonged, 
severe, nonradiating headache. 

At cardiac catheterization there was severe 
coarctation of the aorta at the level of the left 
subclavian artery. The left subclavian artery 
appeared to fill late from the vertebral artery, 
and there was massive enlargement of the right 
mammary and right intercostal arteries with ade- 
quate filling of the descending aorta through 
collaterals. A large aneurysm of the ascend- 
ing aorta was noted but there was no demon- 
strable aortic valve insufficiency. 

After pharmacological therapy brought the 
blood pressure under control, the patient 
underwent repair of the coarctation (stage I) 
through a left thoracotomy incision and using a 
woven Dacron patch. He did well postopera- 
tively. 

Two weeks later, repair of the ascending aor- 
tic aneurysm (stage II) was performed through a 
median sternotomy incision. The patient was 
placed on cardiopulmonary bypass, with arte- 
rial cannulation in the transverse aortic arch. 
The regurgitant fraction across the aortic valve 
was determined on bypass to be less than 20% 
of systemic flow. A large fusiform aneurysm of 
the ascending aorta was incised longitudinally, 
and on inspection the aortic valve was bicuspid 
without substantial fibrosis or calcification. The 
thin aneurysm wall had longitudinal intimal 
tears and scarring, and the right coronary artery 
was displaced superiorly away from the aortic 
valve approximately 3 cm. A 35 mm woven Da- 
cron graft was anastomosed posteriorly in the 
supracoronary position just above the left 
coronary orifice, and then-the suture line was 
brought down below the right coronary orifice 


adjacent to the anterior commissure. Sub- 
sequently, the right coronary artery was at- 
tached to the graft above the suture line. The 
distal graft was sutured to the aorta just beneath 
the innominate artery. The excess aneurysm 
wall was resected, and the remaining aorta was 
closed over the repair to assure adequate 
hemostasis. 

Pathological examination of the aneurysm 
wall revealed a marked loss of the elastic tissue 
with prominent cystic medial necrosis and 
focal scarring. The postoperative course was 
complicated by bleeding into the mediastinum 
that required reoperation. Following successful 
evacuation of a hematoma and control of bleed- 
ing, the patient did well and is asympto- 
matic and normotensive fifteen months post- 
operatively. 


Results 

The clinical data are summarized in the Table. 
Three patients 18 to 37 years old have under- 
gone successful staged repair of both coarcta- 
tion of the aorta and ascending aortic aneu- 
rysm. One other patient died before diagnosis 
or institution of therapy. The patients who un- 
derwent operation were managed similarly. 
Hypertension was controlled with oral medica- 
tions including hydrochlorothiazide, a-meth- 
yldopa, and propranolol. Acute elevations in 
blood pressure were managed with nitroprus- 
side. The coarctation was repaired at the first 
stage of a planned two-stage repair. 

During the initial surgical procedure and 
postoperatively, all patients required nitroprus- 
side for periods of up to several days to con- 
trol acute elevations in pressure greater than 
130 mm Hg systolic and 90 mm Hg diastolic. 
Second-stage repair of the ascending aortic 
aneurysm in 3 patients and of the aortic valve in 
1 patient was accomplished between one and 
five weeks after the first-stage coarctation re- 
pair. 

The second-stage repair was done on car- 
diopulmonary bypass in all 3 patients who 
underwent operation, utilizing coronary perfu- 
sion for myocardial protection. The arterial re- 
turn from the oxygenator was to the transverse 
aorta in 2 and to the femoral artery in 1. The 
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Summary of Data on 4 Patients with Coarctation with Aneurysm of the Proximal Aorta 








Surgical 

Patient No., Repair 

Age (yr), Clinical Coarctation: Interval Aneurysm: Current 

Sex Presentation Anatomical Findings Stage I (wk) Stage H Status 

\ 

1.12,M Known coarc-~ Coarctation distal to None oes None Died 3 
‘tation; sud- LSA; aneurysm days 
den syncopal with cystic medial after 
episode necrosis; bicuspid admission 

aortic valve; dissec- 
tion with rupture 

2. 37,M Long-standing Coarctation distal to Dacron patch 1 Composite tubular Alive and 
hyperten- LSA; aneurysm Dacron graft and well 51⁄2 
sion; sudden with dissection and valve replace- years 
substernal cystic medial ne- ment; coronary postop 
chest pain crosis; stenotic reimplantation 

bicuspid aortic 
valve 

3. 20, M Murmur dis- Coarctation distal to Tubular Da- 5 Tubular Dacron Alive and 
covered on LSA; aneurysm cron graft graft well 21% 
routine with healed intimal years 
physical ex- tears and medial postop 
amination scarring; bicuspid 

aortic valve 

4.18,M Hypertension Coarctation involving Dacron patch 2 Tubular Dacron Alive and 
noted on pre- LSA; aneurysm graft; coronary well 9 
employment with healed intimal reimplantation months 
physical ex- tears, scarring, and postop 
amination cystic medial ne- 

crosis; bicuspid aor- 
tic valve 


LSA = left subclavian artery. 


ascending aorta and aortic valve were replaced 
in Patient 2, and the coronary arteries were 
reimplanted into the Dacron graft. In Patients 3 
and 4 the native valve was retained, and in Pa- 
tient 3, the graft was sewn into the supracoro- 
nary aorta proximally. In Patient 4, the right 
coronary orifice was displaced so far from the 
aortic. valve that the graft was sewn between 
the valve and the right coronary artery, and the 
coronary artery was reimplanted into the graft 
to minimize the amount of abnormal aorta left 
in continuity with the native valve. 

All 3 patients survived and have been fol- 
lowed for from fifteen months to 6 years. Two 
required reoperation, one immediately after 
operation for excessive postoperative bleeding 
and one 21⁄2 years after the initial procedure for 
a pseudoaneurysm, which developed where the 
left coronary artery was attached to the graft. 


Comment 
Coarctation of the descending aorta is a com- 
mon congenital cardiovascular anomaly, oc- 
curring in one of 12,000 live births [1]. Studies 
of the natural history of this disease before the 
introduction of surgical management [2-4] in- 
dicate that of those patients who survived the 
first 1 to 2 years of life, the mean life expectancy 
was only 34 years [3]. The majority of these pa- 
tients died of direct complications of coarcta- 
tion, namely, aneurysmal dissection or rupture, 
bacterial endocarditis or aortitis, congestive 
heart failure, or cerebrovascular accidents [4]. 
Reviewing the world literature up to 1960, 
Skandalakis and colleagues [5]. found twenty- 
two aneurysms of the aorta in 106 patients 
with coarctation. The reported incidence of 
aneurysm associated with coarctation dropped 
from 21% in the presurgical era to 5% in the 
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period after surgical therapy was available. It 
is interesting that they found 32% of the 
aneurysms were proximal to the coarctation, 
51% were distal to it, and 17% did not involve 
the aorta. During the period of the study pre- 
sented here, all four aneurysms involved the 
proximal aorta. Dilatation frequently was ob- 
served in the distal aorta past the area of 
stenosis, but this was never considered to be 
truly pathologically aneurysmal. None of the 
patients in this series had Marfan’s syndrome, 
but 3 of the 4 had cystic medial necrosis. 

The mechanism whereby coarctation pre- 
disposes to aneurysm formation is incompletely 
understood. It is postulated that aneurysmal 
dilatation is (1) the result of long-standing hy- 
pertension and gradual weakening of the arte- 
rial wall, (2) the result of endocarditis or aortitis 
which, in turn, weakens the aortic wall, or (3) a 
congenital weakness of the arterial wall of pa- 
tients with coarctation. That only a minority 
(32%) of aneurysms occurred in an aorta prox- 
imal to the coarctation, where the pressure is 
higher [5], and that the reported incidence of 
mycotic origin of aneurysms is low [6], suggest 
that, in the majority of cases, an intrinsic factor 
in the wall of the aorta underlies the formation 
of aneurysms. Histologically, cystic medial ne- 
crosis is commonly observed in sections of 
the aorta proximal to the site of coarctation. 
Here it may represent a nonspecific response 
to hemodynamic stress in the aortic media [6, 
7]. However, the fact that similar histolog- 
ical findings occur in arteries under less 
hemodynamic stress, for example, the pulmo- 
nary artery, has caused others to suggest that 
the etiology of cystic medial necrosis may 
be congenital [7]. Irrespective of the etiology, 
a spectrum of significant histopathological 
changes commonly is present in the proximal 
aorta. Presumably, these changes predispose to 
weakness of the media with induration and 
inflexibility of the intima and lead to aneurysm 
formation and then dissection, or rupture in 
patients with coarctation. 

Management of dissection of the ascending 
aorta in the presence of severe aortic coarctation 
poses problems. Initial pharmacological and 
then later more permanent anatomical reduc- 
tion in afterload by resection of the aortic 


coarctation seem to be the logical initial man- 
agement [7]. Repair of coarctation first relieves 
proximal hypertension, thereby decreasing the 
chance of progressive dissection or rupture. 
Furthermore, this permits safe perfusion dur- 
ing correction of the dissecting aneurysm in the 
second stage, either through the femoral artery 
or through the aortic arch. Two patients in this 
series were perfused through the transverse 
aorta and one through the femoral artery with- 
out evidence of perfusion inadequacies. 

The potential for further dissection, rupture, 
or both of the aorta before, during, and after 
repair of the coarctation has been minimized by 
careful control of blood pressure with hydro- 
chlorothiazide, a-methyldopa, and propranolol. 
Acute elevations in pressure are controlled 
with nitroprusside. Typically, nitroprusside 
has been used to maintain systolic pressure 
less than 130 mm Hg and diastolic pressure less 
than 90 mm Hg. Utilizing this approach, no 
complications referable to the ascending aortic 
aneurysm have been observed while the pa- 
tient was waiting for repair of the aneurysm 
at the second stage. 

Because of the recognized occurrence of aortic 
valve disease late in the postoperative course 
[8], management of the aortic valve can be 
problematic. In 1 patient in this series, the 
choice was clear. The valve was bicuspid and 
stenotic with evident calcification. Valve re- 
placement and repair of the ascending aorta in 
continuity was necessary. In the other 2 pa- 
tients who had operation, the valves were 
bicuspid and both had mild valvular insuffi- 
ciency. There was no evidence of stenosis with 
hemodynamic importance, or valvular thick- 
ening or calcification. Neither valve was re- 
placed. It was hoped that repair of the coarc- 
tation and control of hypertension would 
minimize progression of the aortic valve in- 
sufficiency. Both patients continued to have 
murmurs indicative of aortic insufficiency at 
follow-up, but neither has demonstrated any 
evidence of congestive failure or further ven- 
tricular enlargement. To date, this approach at 
least has delayed aortic valve replacement, but 
clearly, in this circumstance, the natural history 
of the aortic disease is unknown. Therefore, 
close follow-up is indicated. 
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Circulatory Assistance with a Cardiac 
Allograft after Exclusion of the Canine Left Ventricle 


Peter A. Alivizatos, M.D., Albert J. Guerraty, M.D., 


and Richard R. Lower, M.D. 


ABSTRACT Cardiogenic shock after myocardial in- 
farction still carries a high mortality despite use of 
intraaortic counterpulsation and early surgical revas- 
cularization. An experimental canine model of left 
ventricular exclusion and circulation support was 
developed by closing the mitral valve and by inter- 
posing “in series” a cardiac allograft between pul- 
monary and systemic circulations. This preparation 
was able to support the recipient circulation after 
cardiopulmonary bypass in 25 animals. In 16 dogs 
the graft sustained life for from 1 to 32 days. 

It is hypothesized that such left ventricular assis- 
tance could be used to maintain the life of patients in 
cardiogenic shock after myocardial infarction. By 
providing maximal left ventricular decompression 
and improvement of the native coronary perfusion, 
this method may reverse the metabolic imbalance re- 
sponsible for extension of the infarction, thereby 
salvaging muscle that is in jeopardy but still viable. 


Cardiogenic shock following myocardial in- 
farction continues to result in a high mortality 
despite current therapeutic innovations, such 
as intraaortic counterpulsation and early sur- 
gical revascularization [1-9]. Theoretically, a 
major goal of treatment is to conserve all possi- 
ble “marginal zones” of ischemic myocardium 
that, if prevented from undergoing necrosis 
and permitted full recovery, may constitute an 
important source of myocardial reserve [4, 6]. 
Recent improvements in cardiac transplanta- 
tion [10, 11] have raised the question of 
whether a heterotopic cardiac allograft might 
serve as a temporary cardiac assist device in 
a patient with cardiogenic shock from acute 
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infarction who responds poorly to intraaortic 
counterpulsation, but who demonstrates ade- 
quate residual viable myocardium on cardiac 
catheterization, particularly if the “border 
zones” can be salvaged and the infarction re- 
sected once it matures. It may be concluded that 
unloading the left ventricle while maintaining 
optimum coronary perfusion would best serve 
these needs. Thus, this experiment in dogs was 
designed to incorporate a cardiac allograft “in 
series” with the left heart, while diverting all 
systemic blood by temporarily occluding the 
mitral valve orifice. 


Materials and Methods 

Twenty-five experiments were carried out 
using the present protocol. Donor animals 
weighed between 14 and 18 kg. Anesthesia was 
provided with intravenously administered 
pentobarbital (30 mg per kilogram of body 
weight), and the animal was connected to a 
positive-pressure ventilator delivering 60% 
oxygen. Through a median sternotomy the 
azygos vein was doubly ligated and divided, 
while the venae cavae, the innominate and sub- 
clavian arteries, and the proximal descending 
aorta were dissected. After systemic heparini- 
zation (2 mg per kilogram), the subclavian ar- 
tery was transected between ligatures and the 
innominate artery cannulated for the infusion 
of cardioplegic solution. Exposure of the heart 
and great vessels was facilitated by partial peri- 
cardiectomy. Following electrical fibrillation 
of the heart, both venae cavae were divided 
between ligatures. The descending aorta was 
cross-clamped, and approximately 300 ml of cold 
potassium cardioplegic solution was infused. 
The cardiectomy was completed by transecting 
the pulmonary veins, the descending aorta, and 
the pulmonary artery at its bifurcation. Myo- 
cardial protection was effected by means of 
electromechanical arrest and graft immersion in 
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Fig 1. Donor cardiectomy included closure of the right 
atrial inflow and pulmonary artery (PA)~left atrial 
(LA) appendage anastomosis. The aorta was transected be- 
yond the origin of the left subclavian artery. (SVC = 
superior vena cava; IVC = inferior vena cava; a. = 
artery.) 


4°C saline solution. Donor heart preparation 
was completed by anastomosing the pulmonary 
artery to the left atrial appendage (Fig 1) and 
closing all the pulmonary venous orifices with 
the exception of the left superior pulmonary 
vein, whose origin was enlarged. The aorta was 
beveled at the origin of the subclavian artery. 
Recipient animals weighed between 18 and 
24 kg. Anesthesia was the same as for the 
donors. The dog was placed in the right lateral 
decubitus position, and the electrocardiogram 
and blood pressure were monitored continu- 
ously. Through a left thoracotomy, the proximal 
descending aorta was exposed and the pericar- 
dium opened longitudinally and anteriorly to 
the left phrenic nerve. After heparinization (2 
mg per kilogram), the left femoral and carotid 
arteries as well as the left femoral and external 
jugular veins were cannulated for cardiopul- 
monary bypass. An anastomosis was made 
end-to-side between the graft aorta and the re- 
cipient proximal descending aorta (Fig 2), after 
aortic cross-clamping and use of a temporary 
carotid-femoral external shunt. Subsequently, 
cardiopulmonary bypass was instituted using 
hypothermia at 28°C and a flow of approxi- 
mately 50 ml per kilogram per minute. An el- 
liptical opening extending 1 cm below the neck 
was made in the lateral aspect of the recipient 
left atrial appendage. Through this opening, 
the mitral valve was closed with a Teflon patch 
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Fig 2. Donor-recipient end-to-side aortic anastomosis. 
(LA = left atrial; IVC = inferior vena cava; Ao. = 
aorta, v. = vein.) 
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Fig 3. Closure of the recipient mitral valve was done by 
suturing a Teflon patch to the supraannular atrial tis- 
sue. 


sewn to the supravalvular annulus (Fig 3). Last, 
both left atria were anastomosed by suturing 
the recipient atrial opening to the left superior 
pulmonary venous stump of the graft. Care was 
taken to approximate the superior transition 
point between atrial appendage and pulmonary 
venous opening of the donor to the lower end of 
the recipient elliptical atrial incision (Fig 4). 
After removal of air from all cardiac chambers, 
both hearts were defibrillated and cardiopul- 
monary bypass was discontinued. Temporary 
ventricular pacing wires were placed for mon- 
itoring. An intravenous drip of dobutamine 
(1.5 to 5 wg per kilogram per minute) was 
maintained for 3 to 8 hours. Prednisone, 2 
mg per kilogram, and azathioprine, 2.5 mg 
per kilogram, were given daily. Postoperative 
studies included an electrocardiogram and 
blood cell counts daily. 
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Fig 4. Atrial anastomosis must be oriented properly to 
avoid inflow tract occlusion. The junction between the 
donor superior border of the left atrial appendage and 
the stump of the left superior pulmonary vein was su- 
tured to the inferior angle of the opening of the recipient 
left atrial appendage (LAA). (PA = pulmonary artery. 
Arrows indicate the point where the anastomosis is 
begun.) 


Cardiac catheterization was performed in 5 
animals between 7 and 10 days postoperatively. 
Cardiac output, pulmonary arterial pressure, 
pulmonary capillary wedge pressure, arterial 
pressure, and donor and recipient left ven- 
tricular pressures were recorded. Two animals 
also had cineangiography. 

In three instances of impending allograft re- 
jection, the auxiliary heart was removed and 
the mitral valve reopened at 11, 18, and 24 days 
postoperatively. Postmortem examination was 
done in all animals who died. 


Results 
Sixteen recipient animals survived operation 
for at least 24 hours. Of these, 4 died of cardiac 
failure 1 to 4 days after operation, with elevated 
left atrial pressure and low cardiac output. The 
cause could not be ascertained at postmortem 
‘examination, as no anastomotic constriction 
was. evident. Death was presumed to be due 
to inadequate myocardial preservation. Eight 
‘animals died of pulmonary complications 1 te 
. 32 days after operation. Infection due to im- 
munosuppression was common. Two dogs 
‘died of undetected hemothorax. Three animals 
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Fig 5. Hemodynamic data after transplantation (experi- 
ment 18). (A) Pulmonary artery and recipient aortic 
pressure curves; (B) pulmonary capillary wedge and re- 
cipient left ventricular pressure curves; (C) pulmonary 
capillary wedge and recipient aortic pressure curves; (D) 
pulmonary capillary wedge and donor left ventricular 
pressure curves; and (E) same as A. The electrocardio- 
graphic tracing runs along the bottom. 


‘underwent reoperation at 11, 18, and 24 days 
for removal of the rejecting allograft and 
reopening of the mitral valve. One died of em- 
pyema after reoperation, while the other 2 re- 
main alive two months later. 

Cardiac catheterization in 5 animals between 
7 and 10 days after operation revealed a mean 
cardiac output of 0.176 + 0.007 L/min/kg (+ 
standard error) which was not significantly 
different from that of dogs orthotopically trans- 
planted in our laboratory [12]. Mean pulmonary 
capillary wedge pressure was 5 + 0.54 mm Hg 
and mean arterial pressure was 106 + 7.76 mm 
Hg. Mean systolic left ventricular pressure was 
178 + 8.54 in the graft and 95 + 3.5 mm Hg in 
the recipient heart. Left ventricular diastolic 
pressure was between 0 and 4 mm Hg in both 
hearts. As shown in Figure 5, the recipient left 
ventricular pressure was lower than the aortic 
pressure, with no evidence of native left ven- 
tricular ejection when the aortic pressure curves 
were analyzed. 

Cineangiography was performed during car- 
diac catheterization in 2 animals. As demon- 
strated in Figure 6, all pulmonary venous return 
entering the recipient left atrium was diverted 
to the graft left atrium, left ventricle, and aorta. 
The native ‘coronary circulation was supplied 
through retrograde flow in the recipient aorta 
and the native aortic valve remained closed 
throughout the cardiac cycle. 


ee 
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Fig 6. Cineangiogram shows: (a) recipient left atrium; 
(b) donor left atrium; (c) donor-recipient aortic anas- 
tomosis; (d) graft left ventricle. 


At postmortem examination in all animals 
and at reoperation in 3 animals, no thrombus 
was found in the left ventricle and in most ani- 
mals only a thin layer of pseudointima was 
noted on the atrial side of the mitral valve 
patch. Both hearts were beating asynchro- 
nously throughout the postoperative period as 
evidenced by daily electrocardiograms (Fig 7). 


Comment 

Since mortality after myocardial infarction is in 
part related to the size of the infarct [1], maneu- 
vers that succeed in salvaging myocardium in 
jeopardy, such as the so-called border zones [3, 
4,7, 13], might be expected to improve survi- 
val. Patients with acute myocardial infarction in 
whom shock, as usually defined [14], develops 
have a very high mortality with conventional 
treatment, because usually they have lost at 
least 40% of the left ventricular myocardium 
[15]. It is hypothesized that some of these pa- 
tients who have substantial border zones in 
jeopardy may survive if coronary perfusion can 
be maintained or augmented and if myocardial 
oxygen demand can be reduced. The prepara- 
tion described here (Fig 8) seeks to meet these 
objectives by unloading the injured left ven- 
tricle completely while mdintaining coronary 
perfusion. 


































































































































































































































































































































































































Fig 7. Electrocardiogram shows asynchronous electrical 
activity in recipient and donor hearts. 





RECIPIENT GRAFT 


Fig 8. Circulation diagram of recipient and donor hearts 
connected in series. (RA = right atrium; LA = left 
atrium; RV = right ventricle; LV = left ventricle; 

G Ao = graft aorta; R Ao = recipient aorta.) 


Other investigators [16-20] have studied the 
use of an allograft in the heterotopic position to 
function as a booster or as a left ventricular as- 
sist device. When the cardiac allograft is placed 
in parallel, as in the studies of Barbero and as- 
sociates [21] and Moore and Ross [22], it is pos- 
sible that, unless the hearts are synchronized 
by pacing, the increased afterload might be de- 
leterious to the injured ventricle. 

The major difference between our approach 
and the previous studies just cited is closure of 
the mitral valve to place the graft “in séries” 
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and to completely unload the injured left ven- 
tricle. Our studies allow us to conclude that the 
operation is technically feasible and that life can 
be sustained by the graft in this arrangement. 
The experiment does not answer the important 
question of whether this technique would allow 
sufficient recovery of jeopardized but salvage- 
able myocardium to permit later removal of the 
allograft and the mitral valve patch, with re- 
sumption of full circulation by the patient’s 
own ventricle, perhaps with resection of the 
matured infarct. 

The questions of optimum timing for reoper- 
ation and of the risk of ventricular atrophy [23] 
are also not answered by this experiment and 
require further study. Concern over the possi- 
bility of thrombosis in the left ventricle was not 
completely resolved by our observations in 
these experiments, but it was encouraging to 
note that thrombosis was not observed in any 
of the specimens. If this approach is used clini- 
cally, anticoagulants may be advisable since 
thrombosis would more likely occur in the 
presence of a transmural infarction. Whether 
overall survival of patients with this approach 
would be superior to current efforts with in- 
traaortic counterpulsation [8], early revasculari- 
zation [9], other types of left ventricular assis- 
tance [13, 24], or orthotopic transplantation is 
only conjectural at this time. It does represent 
an additional consideration for patients in car- 
diogenic shock from acute myocardial infarc- 
tion who are presumed to have a reasonable 
amount of salvageable myocardium after car- 
diac catheterization and who are dependent on 
intraaortic balloon assistance. 

Graft orientation is essential to the success of 
the procedure. Beveling the donor aorta at the 
origin of the subclavian artery provides a larger 
anastomosis and provides appropriate aortic 
length to avoid kinking and a tendency for 
clockwise rotation of the heart with each con- 
traction. The other point of graft anchoring is 
the atrial anastomosis, where the first suture 
must be placed at the transition between the 
superior border of the left atrial and the su- 
perior pulmonary venous opening of the graft 
and then be passed through the lower end of 
the elliptical opening in the recipient appen- 
dage (see Fig 4). This generous communication 


allows a free flow at the interatrial anastomosis. 
A properly oriented graft viewed from the left 
chest lies with the apex aiming at the manu- 
brium and with the base resting on the arterial 
conus of the recipient heart in front of the 
spine, while the left anterior descending artery 
faces the surgeon. l 

Our studies have shown that circulatory assis- 
tance by means of a cardiac allograft connected 
“in series” to the recipient circulation may sus- 
tain life in cases of cardiogenic shock after myo- 
cardial infarction. This approach improves coro- 
nary perfusion and maximally decompresses 
the left ventricle of the native heart. Reversal 
of metabolic imbalance in the zone around 
the infarct may salvage myocardium in jeop- 
ardy. At a later period after healing of the in- 
farcted area, consideration could be given to 
restoration of function of the recipient left ven- 
tricle by removal of the mitral patch, resection 
of the infarct, and, if left ventricular function is 
good, removal of the transplanted heart. 
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Topical Cardiac Cooling by Recirculation: 
Comparison of a Closed System Using a Cooling Pad 
with an Open System Using a Topical Spray 


Franklin L. Rosenfeldt, M.D., F.R.C.S.E., 


and Malcolm Arnold, M.B., M.S., F.R.A.C.S. 


ABSTRACT Topical cardiac cooling plays an im- 
portant part in maintaining myocardial hypothermia 
during cardiac operations under hypothermic car- 
dioplegic arrest. We have compared two systems of 
topical cooling in which the cooling fluid is recircu- 
lated. In one system the cold fluid circulates through 
a sealed plastic cooling pad wrapped around the 
heart; in the other it is sprayed over the surface of the 
heart. - 

In dogs undergoing 60 minutes of hypothermic 
cardioplegic arrest, the cooling pad was ineffective: 
it did not adequately cool the anterior left ventricular 
wall or the interventricular septum. Under the same 
conditions, the spray system produced myocardial 
temperatures 6° to 12°C lower than the cooling pad 
system. In limited clinical tests, the cooling pad was 
unable to sustain overall myocardial hypothermia 
and there was difficulty in maintaining contact be- 
tween the heart and the pad during coronary opera- 
tions. Since the topical spray can maintain profound 
global myocardial hypothermia regardless of the po- 
sition of the heart, we conclude that it is superior to 
the cooling pad system. 


Hypothermic cardioplegia results in better 
protection against ischemic damage to the 
myocardium during open-heart operations 
than previous techniques of myocardial preser- 
vation [1, 2]. Topical cardiac cooling is an im- 
portant part of hypothermic cardioplegia, since 
it cools poorly perfused areas distal to ob- 
structed coronary arteries, minimizes rewarm- 
ing from environmental heat sources [3], and 
avoids the necessity for multiple reinfusions 
of cold cardioplegic solution. The standard 
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technique of topical cooling is that described 
by Shumway and colleagues [4] in which 
cold fluid is dripped into the pericardial cavity 
and then aspirated to waste. A disposable recir- 
culating cooling circuit* developed at the Alfred 
Hospital [5] enables cooling fluid to be sprayed 
over the heart and then be collected and recir- 
culated instead of discarded. 

Both Shumway’s technique and spray- 
recirculation produce a pool of cold fluid in the 
pericardial cavity that may interfere with surgi- 
cal exposure. One method of overcoming this 
problem is to circulate the cold fluid through a 
flexible sealed pad enveloping the heart. Recent 
trials of a form of this closed system, the topical 
cooling device,* have indicated that it is a use- 
ful addition to current techniques of topical 
cardiac cooling [6]. We have tested the sealed 
pad system in dogs and patients and compared 
it with the spray-circulation system. 


Materials and Methods 

Cooling Pad 

The topical cooling device is a closed loop com- 
prising a sealed plastic cooling pad, a Silastic 
pump segment, a cooling coil, and an intrave- 
nous fluid bag containing normal saline solu- 
tion (Fig 1). The pad is placed behind the left 
ventricle and then wrapped as closely as possi- 
ble around the heart. The cooling coil and the 
intravenous bag are placed in ice. A roller 
pump draws normal saline solution from. the 
bag through the pad and then pumps it through 
the cooling coil and back into the bag. 


Topical Spray 
The Alfred Hospital recirculating cooling circuit 
comprises a thin-walled coil of plastic tubing 
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Fig 1. Cooling pad system. (P = cooling pad wrapped 
around heart; C = connecting tubing; R = roller pump; 
B = ice bath containing the cooling coil and the bag of 
normal saline solution.; 


Fig 2. Topical spray recirculating cooling circuit. (PVC 
= polyvinyl chloride; SR = silicone rubber.) 
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immersed in an ice-salt mixture at —10°C, a 
roller pump, a delivery line, and a return line 
(Fig 2). Fluid is aspirated from behind the heart 
through the suction catheter, pumped through 
the cooling coil where it is cooled to 2° to 4°C, 
and returned through a multiholed catheter as a 
spray over the heart. This system can deliver 
fluid at 4°C at flow rates up to 1,000 ml per min- 
ute. The fluid temperature is monitored in the 
delivery line and can be varied by moving the 
coil in or out of the freezing mixture. 


Evaluation of Cooling Pad 

Six greyhounds (weighing 21 to 30 kg) were 
anesthetized with pentobarbital (30 mg per 
kilogram of body weight), intubated, and me- 
chanically ventilated. A median sternotomy 
and pericardiotomy were performed, and the 
heart was suspended in a cradle of pericardium. 
Pressure-monitoring catheters were placed in 
the left atrium and the femoral artery. Heparin 
(300 units per kilogram) was given, and the as- 
cending aorta and the venae cavae were cannu- 
lated for cardiopulmonary bypass. Bypass was 
commenced at 37°C using a bubble oxygenator 
primed with Hartmann’s solution. Bypass flow 
rate was maintained at 90 ml per kilogram per 
minute and arterial pressure at 80 to 100 mm 
Hg. Left atrial pressure was kept below 5 mm 
Hg by a left atrial vent. Thermistor temperature 
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probes were inserted into the anterior and 
posterior left ventricular walls at midmyocar- 
dial level (10 mm) and into the interventricular 
septum anteriorly at a depth of 20 mm. Sys- 
temic cooling was begun and the aorta cross- 
clamped when myocardial temperatures had 
reached 30°C. The St. Thomas’ Hospital po- 
tassium-magnesium-procaine cardioplegic solu- 
tion [1] (15 ml per kilogram) was infused into 
_the aortic root over 2 minutes. The solution 
was at a temperature of 4°C in the bottle, but 
had risen to 8°C before reaching the aorta. 

When the infusion was complete, topical 
cooling was begun using either the topical 
cooling device or the topical spray circuit. The 
device was used as specified by the manufac- 
turer, with the reservoir bag and cooling coil 
immersed in ice-water without added salt and 
with saline solution circulating at 350 ml per 
minute. The pad was closely applied to the 
posterior and lateral aspects of the ventricles. 
The topical spray circuit was recirculated at 500 
ml per minute. The aorta was cross-clamped for 
-60 minutes. Body core temperature (rectal) was 
maintained at 30°C for 50 minutes; then sys- 
temic rewarming was commenced. Both topical 
cooling methods were used in turn in each 
animal, and the order of use was alternated in 
sequential animals. 

To assess the effect of more profound sys- 
temic cooling on the performance of the topical 
cooling device, in 2 additional dogs core tem- 
perature was lowered to 25°C instead of 30°C 
and temperature measurements were made as 
before during two 60-minute cross-clamping 
periods in each dog. Statistical analyses were 
performed using the paired t test. 


Evaluation of Cooling Pad Supplemented by 

` Cold Cardioplegic Reinfusions 

In another 4 dogs the cooling effect of the top- 
ical cooling device was supplemented by rein- 
fusions of cardioplegic solution at 8°C given 
through the aortic root every 15 minutes during 
the 60-minute period of ischemia. The dose 
used was 7.5 ml per kilogram, i.e., half the ini- 
tial dose. In these dogs, to simulate the effect of 
atherosclerotic coronary occlusion and poor 
collateralization on cooling, one major coronary 
branch was acutely occluded. In 2 dogs the 


proximal circumflex coronary artery (CCA) was 
snared; in the other 2 dogs the proximal left 
anterior descending coronary artery (LAD) was 
snared, and in addition, any easily visible 
epicardial collaterals were ligated. The major 
coronary was snared immediately before sys- 
temic cooling began and released just before 
removal of the aortic cross-clamp. The protocol 
followed for these experiments was otherwise 
similar to that used for the first 6 dogs. Three 
separate cooling methods were tested in each dog: 


1. The topical cooling device with the addition 
of reinfusions of cardioplegic solution every 
15 minutes 

2. Reinfusions of cardioplegic solution every 15 
minutes without topical cooling 

3. Topical spray without reinfusions 


Experience with Cooling Pad in Patients 

The topical cooling device was used by different 
surgeons in 3 patients who underwent either 
mitral valve replacement, aortic valve replace- 
ment, or double coronary bypass grafting. 
There were 2 men and 1 woman aged between 
41 and 64 years. After bypass was commenced, 
blood temperature was lowered rapidly to ap- 
proximately 10°C, and after 2 to 7 minutes of 
perfusion cooling, the aorta was cross-clamped. 
A single infusion of the St. Thomas’ Hospital 
cardioplegic solution at 4°C was given at a dose 
of 10 ml per kilogram. Myocardial temperature 
was monitored in the interventricular septum 
anteriorly and posteriorly at a depth of 25 mm 
using diode-tipped myocardial temperature 
probes.* After the initial cardioplegic infusion, 
the heart was cooled by the topical cooling de- 
vice as previously described. Body core tem- 
perature was maintained at 28°C throughout 
the period of cross-clamping. 


Results 

Evaluation of Cooling Pad and Topical Spray 

in Dogs 

Figure 3 shows the mean values of temperature 
readings obtained in 6 dogs with patent coro- 
nary arteries. The topical cooling device cooled 


*Royal Melbourne Institute of Technology, Swanston St, 
Melbourne, Australia. 
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Fig 3. Temperature-time curves for three regions of the 
left ventricle in 6 dogs with patent coronary arteries 
comparing cooling by the pad (topical coding device) 
and by the topical spray (recirculating cooler). Values 
given represent mean + standard error of the mean. 
(LV = left ventricle.) 


the posterior left ventricular wall below 20°C 
within 9 minutes of cross-clamping the aorta 
and maintained it at 14° to 15°C after 30 minutes 
of clamping. In the septum and anterior wall, 
there was little further cooling after the com- 
pletion of the cold cardioplegic infusion. Septal 
temperature remained at 22°C throughout the 
period of topical cooling. Anterior left ven- 


tricular temperature reached 21°C after 35 min- 
utes and remained there until the end of ‘the 
cooling period. In the 2 dogs in which core 
temperature was maintained at 25°C during 
cross-clamping, the temperature-time curves 
produced by the topical cooling device were 
similar to those in dogs maintained at 30°C, ex- 
cept that values were 2°C lower on average. 
The topical spray circuit showed high cooling 

efficiency at all sites of temperature measure- . 
ment. Between 30 and 60 minutes after cross- 


‘clamping, temperatures remained at 9° to 10°C 


in the anterior and posterior left ventricular 
walls and at 11°C in the septum (see Fig 3). © 
From 30 minutes onward when cooled by the 
topical spray, the anterior left ventricle was 
12°C colder, the septum 10°C colder, and the 
posterior left ventricle 6°C colder than with the 
topical cooling device (p always < 0.01). 


Evaluation of Cooling Pad Supplemented by 

Cold Cardioplegic Reinfusions 

In hearts cooled by the topical cooling device, 
the effect of supplementary infusions of cold 
cardioplegic solution was studied in regions 
supplied by patent coronary arteries and in re- 
gions supplied by occluded coronary arteries. 
The 2 dogs with LAD occlusion produced simi- 
lar cooling patterns; so did the 2 dogs with CCA 
occlusion. Figures 4 and 5 illustrate one ex- 
periment of each type. Also shown for compari- 
son is the mean curve from the group of 6 dogs 
with patent coronary arteries in which the top- 
ical cooling device was used without reinfu- 
sions. The anterior left ventricular wall and the 
interventricular septum were not cooled effec- 
tively by the device alone. Reinfusions of cold 
cardioplegic solution partially compensated for 
this if the regional coronary artery (LAD) was 
patent (see Fig 5), but not if the LAD was 
occluded (see Fig 4). However, the topical 
cooling device was effective in cooling the pos- 
terior left ventricular wall even in the presence 
of an occluded CCA, and reinfusions did not 
add greatly to this (see Fig 5). 

The topical spray without reinfusions pro- 
duced more profound cooling than the topical 
cooling device in all areas studied, whether 
supplied by patent coronary arteries or ob- 
structed coronary arteries. 
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Fig 4. Temperature-time curves for three regions of the 
left ventricle from a dog with occlusion of the left an- 
terior descending coronary artery. Also shown for com- 
parison is the mean curve obtained with the topical 
cooling device (TCD) from the 6 dogs with patent coro- 
nary arteries. The vertical shaded areas represent infu- 
sions of cold cardioplegic solution. (LV = left ventricle.) 


Evaluation of Cooling Pad in Patients 

The temperature recordings from the mitral 
valve replacement procedure are illustrated in 
Figure 6. After perfusion cooling and the infu- 
sion of the cardioplegic solution, anterior and 
posterior septal temperatures were between 9° 
and 10°C. Over the subsequent 47 minutes, in 
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Fig 5. Temperature-time curves from a dog with ocelu- 
sion of the circumflex coronary artery and the mean 
curve obtained with the topical coding device (TCD) 
from the 6 dogs with patent coronary arteries. The ver- 
tical shaded areas represent infusions of cold cardio- 
plegic solution. (LV = left ventricle.) 


spite of the use of the topical cooling device, 
there was steady rewarming of both the an- 
terior and posterior regions of the interven- 
tricular septum at a rate of 2°C every 10 
minutes. After 48 minutes of ischemia when 
anterior and posterior septal temperatures were 
approximately 20°C, a spot check was made of 
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Fig 6. Temperature-time curves from a patient under- 
going mitral valve replacement during cooling by the 
topical cooling device (TCD) and later by the topical 
spray (RCC). The point © represents a spot check of 
endocardial temperature made after 48 minutes of 
ischemia. (LV = left ventricle, CP = cardioplegic 
infusion.) 


subendocardial temperature by inserting a 
probe through the mitral valve and into the 
posterior wall of the left ventricle. When a 
reading of 27°C was recorded, the topical cool- 
ing device was abandoned and cooling by the 
topical spray was begun. This resulted in rapid 
recooling of the anterior region of the septum 
and slowing of the rate of rewarming of the 
posterior septal region in spite of the fact that 
by this time systemic rewarming was in prog- 
ress. 

In the other two procedures in which the 
topical cooling device was used, the surgeons 
found difficulty in maintaining adequate con- 
tact between the pad and the ventricles. In the 
aortic valve replacement procedure, the pad 
was not large enough to surround the hyper- 
trophic left ventricle. In the coronary bypass 








50 100 O 


graft procedure, when the heart was retracted 
anteriorly to perform the distal circumflex 
anastomosis, contact between pad and heart 
was lost. Therefore in both instances, the sur- 
geons elected to supplement the topical cooling 
device with topical irrigation. 


Comment 

The level of hypothermia required for adequate 
myocardial protection for a particular procedure 
depends on the duration of cross-clamping, the 
amount of collateral flow, and the frequency 
and nature of reinfusions given. During car- 
dioplegic arrest, the lower the myocardial tem- 
perature, down to 4° to 5°C, the greater is the 
protection against ischemia. However, below 
about 20°C, the additional protective effect 
conferred by each degree of cooling becomes 
less [7, 8]. Lowering temperature in all areas of 
the myocardium to 20°C during cardioplegic ar- 
rest gives good myocardial preservation for two 
hours of ischemia in a normal dog’s heart [9] 
and can probably be regarded as the minimum 
degree of hypothermia necessary for uncom- 
plicated cardiac operations. Temperature gra- 
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dients in the myocardium, such as those illus- 
trated in Figure 5, are well recognized during 
cold cardioplegic arrest, especially in patients 
with coronary artery disease [10] or left ven- 
tricular hypertrophy. By lowering epicardial 
temperatures to 4° to 10°C, an efficient tech- 
nique of topical cooling can minimize the effect 
of these gradients and ensure that no area of the 
myocardium is warmer than 20°C. 

This study showed that the topical cooling 
device could not maintain the temperature of 
the anterior left ventricular wall and the inter- 
ventricular septum below 20°C even in dogs 
with normal ventricles and unobstructed coro- 
nary arteries. As might be expected, the device 
was effective in cooling only the area of the left 
ventricle in contact with the pad, namely, the 
posterior wall. 

The need for local cardiac cooling is reduced 
if profound systemic hypothermia is employed. 
Most surgeons use systemic cooling to 28° to 
30°C for routine procedures in adults. This 
necessitates using an efficient technique of 
topical cooling or frequent reinfusions of cold 
cardioplegic solution to maintain myocardial 
temperature below 20°C. When core tempera- 
ture is lowered to 20°C, little if any topical 
cooling is required. The use of such profound 
levels of total-body hypothermia in adults is in- 
convenient due to the long bypass times re- 
quired for thorough rewarming of the whole 
body. We chose a core temperature of 30°C to 
simulate the usual clinical conditions. 

The pilot clinical study was not encouraging. 
In the coronary artery graft procedure, contact 
between the heart and the pad could not conve- 
niently be maintained while the anastomosis to 
the posterior coronary branch was done. Dur- 
ing the mitral valve replacement procedure, de- 
spite satisfactory contact between the pad and 
the heart, progressive rewarming of the suben- 
docardium. and of the anterior and posterior re- 
gions of the interventricular septum occurred. 
In view of the poor performance of the topical 
cooling device and the efficacy of the topical 
spray proven in more than 600 patients [5], it 
was thought that further trial of the device in 
patients was not justified. 

The efficiency of topical cooling depends on 


the flow rate, temperature, and area of dis- 
tribution of cold fluid over the heart [11]. The 
major problem with the cooling pad concept is 
that of achieving a wide enough area of contact 
between the pad and the heart. If the heart 
could be completely enveloped by the pad, then 
cooling would be effective but surgical access 
would be compromised. Hence in practice, di- 
rect cooling by the pad is restricted to the poste- 
rior and lateral aspects of the ventricular por- 
tion of the heart. This study has shown that the 
posterior wall of the left ventricle was ade- 
quately cooled whereas the anterior wall and 
interventricular septum were not. In contrast, 
the topical spray is able to cool a wide area of 
the heart including the atria, and the delivery 
catheter can be easily repositioned during the 
operation so as not to interfere with surgical 
exposure. 

In the spray system, the fluid is delivered over 
the heart at 4°C, whereas our tests showed that 
the pad of the topical cooling device is cooled 
only to 7° to 10°C. This temperature difference 
occurs because in the spray circuit the cooling 
coil is packed in an ice-salt mixture at —10°C, 
which produces a more profound cooling effect 
than the ice-water mixture at 0°C around the 
coil of the cooling device. Our laboratory 
studies have shown myocardial necrosis due to 
freezing, but no evidence of damage in isolated 
dogs’ hearts after two hours of ischemic arrest 
at 4°C [12]. Damage to the heart is avoided in 
the topical spray system by continuously mon- 
itoring temperature in the fluid inflow line and 
maintaining it at 4°C or higher. Undoubtedly, 
the cooling effect of the pad could be improved 
somewhat by immersing the cooling coil in an 
ice-salt mixture as is done with the topical 
spray system. However, this modification 
could result in pad temperature falling below 
0°C, thus running the risk of inducing freezing 
damage to the myocardium. To avoid such ex- 
cessive cooling, a further modification to the 
system would then be necessary, namely, in- 
stalling a temperature-monitoring probe in the 
inflow line to the pad. Pad temperature could 
then be controlled by moving the coil in or out 
of the ice-salt mixture. However, since the main 
problem with the pad system is an inadequate 
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area of contact with the heart, it is unlikely that 
lowering the pad temperature in this way 
would greatly improve overall cardiac cooling. 

We conclude that with the heart in the normal 
position, the cooling pad satisfactorily cools the 
posterior left ventricular wall but not the an- 
terior left ventricular wall or the interventricular 
septum. The cooling effect of the topical cooling 
device depends on maintaining close contact 
between the pad and the ventricles; this is dif- 
ficult to achieve in practice. Cooling by the pad 
can be supplemented by frequent reinfusions of 
cold cardioplegic solution but this is ineffective 
in the presence of obstructed coronary arteries. 
In contrast, the topical spray provides good 
cooling regardless of the position of the heart or 
the state of the coronary arteries. 


The authors acknowledge the assistance given by Mr. 
B. B. Davis, Mr. G. Shardey, and Mr. G. R. Stirling 
who used the topical cooling device in their patients. 
Thanks are due also to Janet Ness, Jenny Griffiths, 
Michelle Bebbington, Jeanette Dixon, and Mandy 
Leaman for technical assistance and to Karen Kerr 
for secretarial help. 
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Assessment and Comparison 


of the Performance of Cardiac Valves 


Endre Bodnar, M.D., William H. Wain, Ph.D., 


and Steven Haberman, M.A. 


ABSTRACT A statistical method is presented to as- 
sess and compare cardiac valve performances. Pa- 
tient survival and valve performances have been 
separated, and valve function and malfunction have 
been described in comprehensive and comparable 
terms. Formulas are proposed to calculate the sig- 
nificance of the difference between two survival 
probabilities as well as to calculate the instantaneous 
rate of events and the median remaining lifetime. 


Actuarial methodology for analyzing survival 
and mortality experience was introduced to 
medical science by Greenwood [1]. McGoon 
and his colleagues [2] and Starr and his col- 
leagues [3, 4] adapted Greenwood’s procedure 
to cardiac operations. The use of such actuarial 
analyses to assess the long-term performance of 
replacement cardiac valves has become in- 
creasingly common. 

The actuarial or, in broader terms, the life- 
table method provides an accurate means to 
analyze patient survival after heart operations. 
The survival of these patients and the perfor- 
mance of an inserted valve prosthesis are not 
necessarily related, however, because factors 
other than the valve itself can affect patient sur- 
vival. Conventional actuarial analyses of pa- 
tient survival and complication-free survival 
can be misleading, therefore, when used in the 
assessment of the merits of inserted valves. 
Furthermore, the methods as currently used 
permit too much freedom for individual interpre- 
tation, with possibilities for bias and confusion. 

There are four specific points in connection 
with this freedom of interpretation that are as- 
sociated with some bias. - 
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A patient who has to be given a second me- 
chanical or biological prosthetic valve because 
of the ultimate failure of the first replacement is 
a candidate for two different statistical treat- 
ments. First, he or she can be withdrawn from 
the study if the type of the second valve is differ- 
ent from that of the first. Thus the patient dis- 
appears from the statistical records, although 
he or she might be alive, well, and asymptom- 
atic 15 years after the first operation. Second, 
the patient can be entered again at year 1 if he 
or she is given a prosthesis of identical make. 
Thus one patient appears twice in the same 
study, and there is an underlying assumption 
that a patient’s clinical history can be restarted 
after each replacement. 

There are no internationally accepted defi- 
nitions available that could define the valve- 
related complications in accurate, comprehen- 
sive, and comparable terms, although it is a 
common practice to look for embolism after 
prosthetic valve insertion, for tissue failure 
after biological valve insertion, and for infec- 
tion in either case. 

It is not yet common to use true cumulative 
event-free curves as a basis for comparison 
between valves. 

Statistical comparisons between two actuarial 
curves are not made at all, or are not made using 
the life-table methods. 


These possibilities may be emphasized by 
reference to a hypothetical case. Consider sur- 
geons Y and Z who each inserted 130 aortic 
valves into 130 patients during the past 10 years, 
surgeon Y using valve A, which is a biopros- 
thesis, and surgeon Z using valve B, which is a 
mechanical prosthesis. The pooled follow-up 
information is presented in Table 1 for both 
valve A and valve B. A comparison may be 
made between the merits of the two valves 
using the actuarial method of Anderson and as- 
sociates [3]. In this case, valve A is clearly 
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Table 1. Pooled Follow-up Information Over 10 Years for Two Groups of 130 Patients 
Receiving Hypothetical Valve A and Valve B 














Valve A Valve B 
Year Year 
Data 12 3 4 5 6 7 8 9 10 123 4 5 6 7 8 9 10 
Valve-related 12 1 31 #1 0 1 «21 1 1 Be 2 De 2 A 22 2 2 +2 
deaths 
Other deaths 4 4 4 4 4 5 3 3 3 3 1 1 0000 1 0 1 0 
All deaths 5 5 5 5 5 5 4 4 4 4 3 3 2 2 2 2 3 2 3 2 
Perivalvular 1 2 1 2? 1 =O 0 0 0 0 1 P1 P100 0 0 0 
leaks 
Infection Pdf tf tsi I a heed Cn ns OD Ci E E 1 #8 1 
Thromboemboli 0 0 0 0 0 1 0 0 0 0 12 1 P 1 P 1 204 1 2(15) 1 
Anticoagulant ...... a aa ERS aE ANS: avers a bis E T ee de T 1° 1 1° 
bleeding 
Structural 00 0 0 0 0 2 2(1% 2 20% 0 0 0 0 0 1° 0 1? 0 1? 
failure 
Withdrawn 5 5 5 5 5 5 5 5 5 5 6 6 7 7 7 7 6 7 6 6 


*Fatal complications: also present as valve-related deaths. These fatal complications may only be used once in any one life table. 


worse, with an overall survival of 53.6% over 10 
years, compared with valve B (73.3%) (Fig 1). 
The occurrence of individual events may be 
compared by constructing individual event-free 
curves according to Anderson and associates 
[3], in which case valve A has a better record for 
freedom from thromboemboli and bleeding 
(98.6% and 100%, respectively), but a poorer 
record for freedom from structural failure 
(81.1%) when compared with valve B (80.8%, 







% Probability 


84.4%, and 92.8%, respectively) (Figs 2, 3). 

The valves may also be compared using the 
multiple decrement analysis described by 
Grunkemeier and associates [4]. In this case, 
valve A is clearly seen to be a worse valve than 
valve B (Table 2; Figs 4, 5). 

The patient groups for surgeons Y and Z were 
deliberately biased for this hypothetical analy- 
sis, in that the patient group receiving valve A 
comprised a much older population with a 
disproportionate number of non-valve-related 
deaths from old age. In order to compare the 
performance of valves A and B over a 10-year 
period, it is necessary to exclude such bias as 
far as possible by the application of the princi- 
ples in.this article. 

Some of these problems have been the cause 
of concern in recent publications describing the 


Years 


Fig 1. Hypothetical case. Patient survival calculated ac- 
cording to the method of Anderson and colleagues [3]: 
A = 53.6 £5.1% and B = 73.3 + 4.7%. 


clinical experience or giving details of the 
method itself [5, 6]. Bodnar and associates [7] 
described an approach to separate patient sur- 
vival from valve performance, and to describe 
the latter in comparable terms. This article pro- 
vides further clarification of that approach for 
the assessment and comparison of different re- 
placement cardiac valves. 


Materials and Methods 


Data Collection 
The true clinical experience with a given re- 
placement valve is hidden in the patients’ 
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Fig 2. Hypothetical case. Freedom from thromboem- 
bolism and freedom from pathological bleeding calcu- 
lated according to the method of Anderson and col- 
leagues [3]. 
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Fig 3. Hypothetical case. Freedom from structural fail- 
ure calculated according to the method of Anderson and 
colleagues [3]: A = 81.1 + 5.5% and B = 92.8 + 
3.7%. 


A Bleeding 100% 


100 SSS Ak Emboli 
98.6 + 1.3% 

. B Bleeding 
8AA +4. 6h 


B Emboli_ 
80.8 +5,0% 


follow-up data, containing grouped informa- 
tion in which factors such as clinical condition, 
age, and the incidence of additional operations 
vary within wide ranges. The difficulties aris- 
ing from these factors cannot be overcome un- 
less the valve itself is made the subject of the 
investigation. In this respect, the valve is con- 
sidered as a condition, and the patient only as 
the carrier of the condition. In accordance with 
this concept, valves rather than patients will be 
followed year by year and entered into the life 
table. This life table will not describe the survi- 
val of the patients, but will describe the valve 
“survival” and “‘complication-free valve survi- 
val,” i.e., the clinical performance of the im- 
planted valves. 

The adoption of this principle has three major 
advantages. First, there will be no possibility of 
confusion with those patients who have to be 


Table 2. Tenth-Year Probabilities of Freedom from Terminal Events 
for Valves A and B in Table 1 Calculated by Three Difference Methods 


Event Valve A (%) Valve B (%) Significance 
Patient deaths” 53.6 £ 5.1 73.3 + 4.7 0.05 > p > 0.02 
Perivalvular leak? 95.1 + 2.0 95.1 + 2.0 Not significant 
Infection” 84.4 + 4.6 84.4 + 4.6 Not significant 
Thromboembolism” 98.6 + 1.3 80.8 + 5.0 p < 0.001 
Anticoagulant bleeding” 100 84.4 + 4.6 p < 0.001 
Structural failure? 81.1 + 5.5 92.8 + 3.7 Not significant 
Death and thromboembolism" 42.3 45.4 58.3 + 5.8 0.05 > p > 0.01 
Death and structural failure® 40.7 + 4.5 67.1 + 5.6 p < 0.001 


aPatient survival according to Anderson and colleagues [3]. 
"Individual event-free survival according to Anderson and colleagues [3]. 
“Multiple decrement analysis according to Grunkemeier and colleagues [4]. 
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Fig 4. Hypothetical case. Cumulative assessment of 
freedom from death or thromboembolism (or both), ac- 
cording to the method of Grunkemeier and colleagues 
[4]: A= 42.3 +5,4% and B = 58.3 + 5.8%. 
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Fig 5. Hypothetical case. Cumulative assessment of 
freedom from death or structural failure (or both), ac- 
cording to Grunkemeier and colleagues [4]: A= 41.0 + 
5.3% and B = 67.1 + 5.6%. 


reoperated on because of valve failure. Second, 
withdrawal from the life table will be strictly 
limited to those valves for which the patient has 
been lost to follow-up, for those that have been 
withdrawn for administrative reasons, or for 
valves from the patient whose death was not 
caused by the valve. Third, it now becomes 
statistically reasonable that the valves in pa- 
tients for whom the cause of death was un- 
known will simply be withdrawn, together 
with those involved in proved non-valve-related 
deaths. This method may not be applied to pa- 
tient life-tables. 

As a means of testing the sensitivity of this 
assumption, the calculations could be redone 
with the deaths of unknown cause allocated to 
valve-related causes, or by calculating the pro- 
portion of valve-related to non-valve-related 
deaths in the groups with proved origin, and 


applying the same quotients to the unknown 
death cases. 


Definition of Valve Performance 

The actuarial method deals with events that are 
terminal. It considers and defines the propor- 
tions of the population that are free from such 
events. Hence, the’ perfect valve must be one 
that is free from any possible malfunction. The 
malfunctions attributed to replacement cardiac 
valves fall into five major categories: 


The mechanical malfunction of any valve 
causes symptoms characteristic of valvular 
stenosis or incompetence (or both), according 
to the New York Heart Association (NYHA) 
definitions of valvular heart disease. This cate- 
gory involves paravalvular and transvalvular 
leaks causing clinical symptoms, as well as un- 
acceptably high pressure gradients measured 
across the valve. This integrated definition of 
mechanical malfunction deliberately disregards 
the underlying pathological process. Hence, 
mechanical and biological prostheses may be 
given an identical assessment in this respect. In 
transvalvular reflux, for example, it is irrelevant 
whether the leak is caused by calcification, tis- 
sue degeneration, or restricted mobility of a 
disc. 

Infection is denoted as a valvular malfunction 
if the valve in question is involved in septic 
conditions described as acute or subacute in- 
fective endocarditis by the NYHA definitions. 

Thromboembolism involves thrombotic ap- 
position on the valve with or without pe- 
ripheral embolism, as well as embolism on 
the relevant side of the circulation with or 
without thrombotic apposition on the valve. 

Hemorrhage includes pathological bleeding 
associated with the anticoagulant treatment for 
a given mechanical or biological prosthetic 
valve as a malfunction of the valve. 

Hemolysis is included as a valve malfunction 
for any clinically manifest hemolysis in a pa- 
tient with a mechanical or biological prosthetic 
valve in the absence of coexisting hemolytic 
disease. 


These five categories can be applied to any 
kind of biological, bioprosthetic, or prosthetic 
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- valve replacement, and so the performances of 
such valves can be assessed and described in 
comparable terms. For the purpose of actuarial 
analysis, three basic terms are proposed: valves 
free from fatal malfunction, valves in function, 
and valves free from any malfunction. 


Assessment of Valve Performance 

We shall use the term withdrawn to denote the 
following four groups of valves: (1) those that 
would have continued had not the closing date 
of the study intervened; (2) those that have 
been lost to follow-up; (3) valves of patients 
who died of a non-valve-related or unknown 
cause; and, finally, (4) those valves that have 
been withdrawn for administrative reasons. 

We have used the words death and loss to 
refer to valves even though it is of course the 
patient who dies or is lost. To assess the per- 
formance of valves, we shall need to set up a 
multiple decrement table (which is a generali- 
zation of the life table) and will consequently 
need some definitions. 

Consider the interval between x and (x + 1) 
years after the valve implant. Let Ly be the 
number of valves functioning at the start of the 
interval. Let D, be the number of deaths in 
the interval caused or accompanied by any of 
the five malfunctions already defined. Let W, 
be the number of valves withdrawn during the 
interval. Let Ry be the number of valves re- 
moved at successful reoperation during the 
interval. Let C, be the number of other compli- 
cations (involving neither death nor reopera- 
tion) during the interval. Then 


Ly 4.1 = Ly ~ (Dy + Wx + Ry + Cy) 


and a multiple decrement table may be con- 
structed. Survival curves may be constructed 
from the basic actuarial probability estimates 
based on the multiple decrement table for val- 
ves free from fatal malfunction, valves in func- 
tion, and valves free from complications. These 
are considered in turn. 


Results 4 

Freedom from Fatal Malfunction 

The proportion of valves denoted as free from 
fatal malfunction involves those for which the 
patient is alive or, if dead, for which the death 


was neither caused by nor accompanied by any 
of the five malfunction categories already men- 
tioned. This definition is of great help in de- 
ciding whether or not the hospital mortality 
should be included in the study. If the patient’s 
death during the first thirty days following op- 
eration was due to any valve malfunction, it 
will appear in the statistics. On the other hand, 
the long-term follow-up results will not be 
biased by the relatively high operative mortal- 
ity of 15 years ago. Of course, the hospital 
mortality at reoperation for valve failure has to 
be included as a fatal malfunction. 

The actuarial estimate of the probability of a 
valve-related death in the interval x to (x + 1) 
for a functioning valve at year x is q% where 


qj = D,/(L, — Y2 [Wx + R, + Cx]) 


The denominator of this rate is an estimate of 
the number of valves exposed to the risk of fatal 
malfunction during the interval x to (x + 1). 

The survival free from fatal malfunction curve 
may be estimated as P? where 


Py = (1 -q (1 — qi)... A- qe) 


Valves in Function 
Survival free from malfunction involves factors 
from a double decrement table, meaning that 
two individual and independent events are 
given a cumulative assessment. In practical 
terms, the cessation of valve function is either 
the patient’s death caused by any valve mal- 
function, or the surgical removal of the valve, 
whichever occurs first. l 

The actuarial estimate of the probability of a 
malfunction occurring in the interval x to (x + 1) 
for a valve function at x is where 


qx" = Dy + R,/(Lx ~ 4 [Wx + Cy) 


The denominator of this rate is an estimate of 


‘the number of valves exposed to the risk of 


malfunction during the interval x to (x + 1). The 
survival free from malfunction curve may be 
estimated as in the preceding section. 


Function without Complication 
A group of valves that have not, at the time of 
analysis, experienced any of the five malfunc- 


ae 
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Table 3. Single, Double, and Triple Decrement Life Tables for Values A and B 





























Year 
Life Table 1 2 3 4 5 6 7 8 9 10 
SINGLE DECREMENT 
Valve A 
Event 1 1 1 1 1 0 1 1 1 T -a 
Withdrawn 10 10 10 10 10 10 10 10 10 10 
Enter 130 119 108 97 86 75 64 53 42 31 
Valve B 
Event 2 2 2 2 2 2 2 2 2 2 
Withdrawn 9 9 9 9 9 9 9 9 9 >- 9 
Enter 130 119 108 97 86 75 64 53 42 31 
DOUBLE DECREMENT 
Valve A 
Events 1 2 1 2 1 1 3 3 3 3 
Withdrawn 10 9 10 9 10 10 8 8 8 8 
Enter 130 119 108 97 86 75 64 53 42 31 
Valve B 
Events 2 3 2 3 2 3 2 3 2 1 
Withdrawn -9 8 9 8 9 8 9 8 9 8 
Enter 130 119 108 97 86 75 64 53 42 31 
TRIPLE DECREMENT 
Valve A 
Events 2 2 2 2 2 3 3 3 3 
Withdrawn 9 9 9 9 9 9 8 8 8 8 
Enter 130 119 108 97 86 75 64 53 42 31 
Valve B f 
Events 4 4 4 4 4 4 4 4 4 4 
Withdrawn 7 7 7 7 7 7 7 7 7 7 
Enter 130 119 108 97 86 75 64 53 42 31 








tions is considered free from complications. 
The perfect performance of these valves is as- 
sessed with factors from a triple decrement 
table giving a cumulative assessment of valve- 
related deaths, valve removal, or valve compli- 
cation without removal, whichever occurs first. 

Three life tables (i.e., single decrement ta- 
bles) have to be constructed for this triple dec- 
rement analysis. In order to calculate the pro- 
portion of valves free from fatal malfunction, 
the entering number L is considered for each 
year to be the number of existing valves. The 
number of fatal malfunctions is counted for 
each year and entered into the life table as D. 
Finally, the number of valves withdrawn each 
year, W, is counted as all the non-valve-related 
deaths: all the deaths for which the ‘cause was 
not known, the valves lost to follow-up in that 
year, and the valves whose experience does not 
exceed that year. Furthermore, the valves re- 
moved at operation, R, and the valves ex- 


periencing a nonfatal complication, C, are com- 
bined with W to produce a factor to be 
subtracted from L in the denominator of the 
rate (Table 3). 

Note that the nonfatal complications are in- 
cluded here with the withdrawals. The reason 
is to separate complicated and noncomplicated 
valves, given the underlying assumption that 
the probability of fatal events cannot be identi- 
cal in the two groups. Furthermore, this avoids 
the rather confusing situation wherein the same. 
valve would appear with more than one event 
in the multiple decrement analysis; for exam-: 
ple, as a nonfatal embolism in year 5 and a fatal . 
embolism in year 7. l . Kd 

A second life table for the double decrement ` . 
analysis of valves-in function is prepared with `. 
the same entering number (L) as inthe first e 


table. The number of events is now the number `` 


of valve-related deaths; and the valves removed 
at operation (D + R) for each year, the num- 
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Table 4. Comparison of Tenth-Year Probabilities of Single, Double, and Triple 


Decrement Analyses for Valves A and B® 


Valves Valve A Valve B Significance 

Free from fatal malfunction 85.7 + 4.5% 71.3 + 5.5% 0.05 > p > 0.01 

In function 67.1 + 6.5% 64.8 + 5.8% Not significant 
. Free from complication 62.4 + 5.8% - 50.8 + 5.7% Not significant 


aFrom Table 1 and Life Tables 3 and 4. 


ber of withdrawals (W) and the nonfatal com- 
plications (C) appear in the denominator (see 
Table 3). 

Similarly, the triple decrement table may be 
prepared with L as the entering number again, 
but including all the valve complications for 
which the valve was not removed. The number 
of events is D + R + C and now includes all 
the complications. The number of withdrawn 
valves (W) appears alone as an item to be sub- 
tracted from L in the denominator. In this way, 
any of the five malfunctions is denoted as a 
terminal event, removing the experience of that 
particular valve from the analysis (see Table 3). 

The actuarial estimate of the probability of a 
complication occurring in the interval x to (x + 
1) for a valve functioning at x is q} where 


q£ = Dy + Ry + C/L, — *AW, 


The denominator of this rate is an estimate of 


100 


8 


& 


%® Probability 


8 


Year 


Fig 6. Hypothetical case. Multiple decrement analysis of 


performance of Valve A. 





the number of valves exposed to risk of compli- 
cation during the interval x to (x + 1). 

The results of these three multiple decrement 
calculations can be plotted against time, giving 
a threefold actuarial survival curve that is 
highly characteristic of the performance of a re- 
placement cardiac valve (Table 4; Figs 6, 7). 


Individual Event-Free Curves 

The nature and mode of valve failure can be de- 
scribed by plotting each of the five malfunc- 
tions against time as single decrement factors. 
These are the “individual event-free curves” 
described by Anderson and associates [3] (Figs 
2, 3). The distribution and shape of each of 
these five curves provide the information to an- 
swer several important questions. Is there one 
single major factor causing valve failure? Which 
problems are presented as the consequence 
of more than one minor complication? The 
amount of information may be increased in 


Fatalities 
85.7 + 4.5% 


Removals 

67.1 + 6.0% 
Complications 
64.2 + 5.9% 
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Fig 7. Hypothetical case. Multiple decrement analysis of 


performance of Valve B. 


some cases by analyzing specific conditions, 
such as tissue degeneration, calcification, 
paravalvular leaks, and ball variance, as single 
decrement factors once the comprehensive and 
cumulative assessment has been completed by 
the means we have described. 


Alternative Approaches to Actuarial Method 

The theory of multiple decrements underlies 
the above description and has been covered in 
detail by actuarial [8] and statistical textbooks 
[9]. The theory runs parallel to the statistical 
theory of competing risks [10]. 

For large samples, the actuarial method is 
equivalent to the product-limit estimate of 
Kaplan and Meier [11], which utilizes the exact 
times of all decrements occurring (for example, 
losses and removals). Gail [10] demonstrates 
that the omission of this information by the 
actuarial method involves a minimal loss of ef- 
ficiency. 

The biostatistical literature deals in detail 
with alternative approaches to the actuarial 
method where the partial experience of cases 
withdrawing is assigned proper interval credit. 
Elandt-Johnson and Johnson [9] provide a 
thorough review of these approaches and con- 
clude that for large samples and small q (less 
than 0.3), there is little to choose between the 
different approaches; they recommend the ac- 


Fatalities 
71.3 + 5,5% 


Remevals 
64.9 + 5.8% 


Complications 
50.8 + 5.7% 


tuarial approach because of its simplicity, intu- 
itive nature, and robustness. A similar com- 
parison exercise undertaken by Kuzma [12] 
came to the same conclusion. 

The relationship between survival times and 
concomitant variables (which, for example, 
may be clinical or demographic) is not de- 
scribed here. The reader is referred to several 
statistical textbooks that summarize the consid- 
erable literature [9, 13]. 


Comparison and Interval Estimation 

Greenwood [1] and Anderson and associates [3] 
calculated the standard errors of the survival 
probabilities. These have been used in many 
recent publications about survival among pa- 
tients having cardiac valve replacement to set 
up 70% confidence limits for these prob- 
abilities. Statistical comparisons between two 
independent sets of data have been incomplete, 
however, although recently nonactuarial tech- 
niques such as a generalized Wilcoxon test have 
been used [14]. 

A simple, quick method of comparison of two 
survival curves at a predetermined duration 
was described in 1980 [7]. This involved the cal- 
culation of the significance of the difference 
between two actuarial survival curves using an 
approximate formula based on well-established 
statistical principles [9]. The individual 
standard errors of two independent actuarial 
curves appear in the formula. Thus the standard 
error of the difference between two cumulative 
survival probabilities P and ?P is given by 
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SEaie = V (SECP)) + (SECP))? 


Care must be taken to avoid the selection of 
those probabilities that will give the most 
significant result. The proposed method effects 
a comparison of two curves at one duration 
rather than of the two curves in their entireties. 
Simultaneous confidence limits on several or 
on all values of the P, function cannot be de- 
rived by this method—approximate confidence 
bands on the entire P, function have been de- 
rived in the literature, for example, by Gillespie 
and Fisher [15]. 

Two methods have been suggested for the 
comparison of two complete survival curves. 
The log rank test [16, 17] is optimal for the case 
of proportional hazard rates, which means that 
the survival curves are broadly similar in shape 
although displaced in position. Such tests 
weight the comparison at the time point of each 
event by the total number of valves in both the 
groups surviving up to or beyond the time in 
question. The censored rank tests, based on 
generalized Wilcoxon [18] or Kruskal-Wallis 
[19] statistics, place more weight on the early 
differences between the survival curves. The 
implicit assumptions made in the derivation of 
these more sophisticated tests may not be 
adhered to in practice, so that care is needed in 
their application. Unlike the actuarial compari- 
son already described, neither of these methods 
inherently involves the calculation of survival 
probabilities or the visual presentation of 
curves that are natural exercises for the analysis 
of this type of data and the presentation of re- 
sults. 


Other Survival Indices 

. Two survival indices have been introduced to 
assess valve performances. One is the median 
remaining postoperative lifetime and the other, 
the instantaneous decrement rate [7]. 

Because most life tables for patients under- 
going cardiac operation do not yet exceed 20 
years of experience, there will be many patients 
who are alive and whose valves are in function 
at the end of the investigation. A mean lifetime 
or expectation of life is misleading in such a 
context, as it implies an indefinitely long 


follow-up period. The distribution of survival 
times is very skewed, and therefore the median 
remaining lifetime is a more natural choice for a 
measure of centrality of such a distribution. In 
investigations involving only a small number of 
patients, the use of cumulative survival prob- 
abilities will be impeded by their statistical in- 
stability (arising from a large sampling error). 
The median remaining lifetime will provide a 
quantitative measure of risk and, other things 
being equal, has the advantage that the dif- 
ference between two medians is statistically 
more stable (i.e., has a smaller sampling error) 
than the difference between two proportions 
based on the same total numbers. Thus the me- 
dial remaining lifetime is probably a superior 
index of risk when numbers are small, provid- 
ing sufficient patients have been followed for as 
long as the median remaining lifetime. (Other- 
wise, standard error will be large.) The median 
remaining lifetime can be calculated only for 
those actuarial analyses in which the cumula- 
tive probability of survival has fallen below 0.5, 
and it is proposed that this median remaining 
lifetime (m,) be used as an index of survival. 


my = y + [Py = Y2Py ~ Pys 


where y is the number of complete years up to 
the point where the survival curve reaches 0.5; 
i.e., Py > 0.5 > Py}. Graphically, m, is the 
point on the horizontal axis directly below the 
intersection of the survival curve with the hori- 
zontal line P = 0.50. This is illustrated in Figure 
8, where m, = 9.002. As described elsewhere 
[6], the postoperative median remaining life- 
time m, can be generalized to measure the me- 
dian remaining lifetime at time x after the 
operation, My. 

The instantaneous decrement rate is called 
the “force of decrement” in actuarial analysis 
and the “hazard rate” in reliability theory. This 
rate measures the probability of a decrement 
occurring in a very small interval of time after a 
time x has elapsed, given that there have been 


“no decrements up to that time x. Viewed as a 


function of x, this rate may remain constant, 
may increase or decrease, or may follow a more 
complex pattern. A constant instantaneous dec- 
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Fig 8. Hypothetical case. Median remaining lifetime 
(m,) for freedom from death or structural failure (or 
both) for Valve A: 41.0 + 5.3%. 


rement rate corresponds to a survival prob- 
ability that decreases exponentially with time. 
In fact, in this case, the probability of surviv- 
ing t years is the same for persons of differ- 
ent (starting) ages. In other words, when the 
instantaneous decrement rate of a survival 
distribution is constant, there is no “aging.” 
Thus aging processes can be conveniently mea- 
sured in terms of increasing instantaneous 
decrement rates. The instantaneous decrement 
rate measures the gradient of the corresponding 
survival curve and indicates when the intensity 
of risk changes. It is analogous to an accelera- 
tion of risk, if the survival probability viewed 
as a function of time is regarded as a velocity. 
The instantaneous decrement rate can thus be 
used to highlight particular periods of risk in 
the overall pattern of probability. 

The instantaneous decrement rate at the 
midpoint of an interval of follow-up (x, x + 1) 
can be estimated by py,,,, defined as follows: 


Hst = 2qxl2 — qx 


Comment 

The results summarized in Table 4 for the 10- 
year actuarial probabilities of single, double, 
and triple decrement analyses of valves A and B 
show that valve A is clearly the better valve in 
terms of valve-related deaths, but that there is 
no significant difference between the two valves 
for either valves in function or valves free 
from any complication. This obviously differs 
from the survival analyses in Table 2 and sup- 


ports the contention that for valid comparisons 
of valve performance, an unbiased assessment 
must regard patients merely as carriers of the 
valve. The individual event-free analyses, Table 
2, and Figures 2 and 3, are still perfectly valid 
and augment the multiple decrement analyses 
in Table 4 and Figures 6 and 7. 


The authors thank Miss Carol Outram for her for- 
bearance and perseverance during the preparation of 
this paper. 
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Important Notice from the Southern Thoracic Surgical Association 
Change of 1982 Annual Meeting Dates and Location 


The cruise scheduled for the Twenty-ninth An- 
nual Meeting of the Southern Thoracic Surgical 
Association has been canceled because a suffi- 
cient number of reservations by members was 
not received. The meeting has been resched- 
uled for Nov 4-6, 1982, at the Hyatt on Hilton 
Head Island, Hilton Head Island, SC. This is a 
week earlier than the dates of the cruise. 
There will be a $100 registration fee for non- 
member physicians except for guest speakers, 
authors and co-authors on the program, and 
residents. Members wishing to participate in 
the scientific program should submit abstracts 
in triplicate, by May 15, 1982, to James S. 
Donahoo, M.D., The Johns Hopkins Hospital, 
601 N Broadway-Blalock 605, Baltimore, MD 


21205. Abstracts should be double-spaced on 
one side of one sheet of paper, with a 1-inch left 
margin, and limited to 200 words. All slides 
used during the presentation must be 35 mm. 
The abstract must list a member as a co-author. 
Manuscripts of accepted papers must be sub- 
mitted to The Annals of Thoracic Surgery by Oct 
15, 1982. 

Applications for membership should be com- 
pleted by Sept 1, 1982, and forwarded to W. 
Benson McCutcheon, Jr., M.D., Durham Clinic, 
1830 Hillandale Rd, Durham, NC 27705. 


Richard B. McElvein, M.D. 
Secretary-Treasurer 


Se, 


Hypothermic Ischemic Arrest versus 
Hypothermic Potassium Cardioplegia in Human Beings 


M. A. Jacocks, M.D., B. N. Fowler, M.D., J. S. Chaffin, M.D., E. Lowenstein, M.D., 
D. G. Lappas, M.D., G. M. Pohost, M.D., C. A. Boucher, M.D., R. D. Okada, M.D., ' 


N. Hanna, B.S., and W. M. Daggett, M.D., 


with the technical assistance of Jack Butler and Clara Balkas 


ABSTRACT To determine if the addition of potas- 
sium enhances the myocardial protective effect of 
intracoronary perfusion hypothermia during aortic 
cross-clamping, 50 patients undergoing aortocoro- 
nary bypass grafting were studied in a randomized, 
prospective, double-blind fashion. Twenty-six pa- 
tients received a cold crystalloid solution infused 
with a handheld syringe into the root of the cross- 
clamped aorta every 20 minutes, and 24 patients re- 
ceived the same solution but with 25 mEq/L of potas- 
sium chloride added, infused in a similar manner. 
Both groups were analyzed by mortality, rate of 
perioperative myocardial infarction (electrocardio- 
graphic changes, MB-CPK enzyme release, and pre- 
operative and postoperative gated cardiac blood pool 
scans), intraoperative hemodynamic changes, intra- 
operative lactate determinations, postoperative ar- 
rhythmias, and requirement for pressor or intraaortic 
balloon pump support. 

One patient in the potassium cardioplegia group 
died (massive pulmonary embolism), and none in 
the hypothermic perfusion group died. Possible 
perioperative myocardial infarction was diagnosed 
by more than one marker in 4 of 26 patients in the 
hypothermic perfusion group and 5 of 24 patients 
in the potassium group (p = 0.61). There were no 
differences between the two groups in terms of 
hemodynamic changes, lactate production, post- 
operative arrhythmias, or the need for postoperative 
hemodynamic support. 

This study in human beings could not demon- 
strate a specific protective effect of potassium, be- 
yond that afforded by myocardial perfusion 
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hypothermia and wash-out. The data suggest that 
myocardial hypothermia, achieved through cold in- 
tracoronary arterial perfusion, may be the most 
important beneficial component of so-called car- 
dioplegia for attaining effective intraoperative myo- 
cardial preservation in human beings. 


Hypothermic potassium cardioplegia adminis- 
tered into the root of the clamped aorta or di- 
rectly into the coronary arteries is presently the 
most commonly used approach to intraopera- 
tive myocardial preservation [1-4]. This ap- 
proach is based on animal studies which have 
revealed better myocardial protection with 
potassium cardioplegia than with hypothermic 
perfusion alone [5-11]. Clinical studies have 
demonstrated the efficacy and safety of hypo- 
thermic potassium cardioplegia in patients 
undergoing coronary or valvular operations 
or both; these studies have shown the superi- 
ority of hypothermic potassium cardioplegia 
over topical myocardial hypothermia and inter- 
mittent ischemic arrest [12--15]. However, re- 
cent reports [16-18] comparing hypothermic 
solutions containing 5 mEq/L to solutions con- 
taining 20 to 25 mEq/L of potassium injected 
into the root of the aorta of patients during 


‘coronary artery operation, have raised ques- 


tions whether the higher potassium concentra- 
tions contribute to myocardial preservation in 
human beings. Tucker [18], Ellis [16], and their 
co-workers concluded that uniform hypother- 
mia throughout the myocardium was the pri- 
mary beneficial component of effective myocar- 
dial preservation during aortic cross-clamping 
in human beings. 

The present study was designed as a pro- 
spective, randomized, double-blind study to 
determine what differences, if any, could be 
found in patients undergoing aortocoronary 
bypass grafting whose hearts were protected 
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during aortic cross-clamping by either inter- 
mittent, hypothermic, asanguineous crystalloid 
perfusion into the aortic root or intermittent, 
hypothermic potassium cardioplegia simi- 
larly administered into the aortic root. The 
stimulus for this study was provided by a 
search of the literature for evidence of a selec- 
tive protective effect of potassium in human be- 
ings. No such data could be found. All evidence 
© supporting the myocardial protective effects of 
potassium has been derived from experiments 
in dog, cat, pig, or rat hearts. The change in 
methodology for myocardial protection in 
human beings involved a “two-step jump” to 
perfusing the coronary arteries with a cold so- 
lution that was also hyperkalemic, compared 
with patients in whom moderate systemic 
hypothermia and topical myocardial cooling 
were used. Therefore, it seemed appropriate to 
study in human beings the question of a 
myocardial protective effect of a hyperkalemic 
perfusate over and above the protective effect of 
a cold perfusate delivered to the coronary ar- 
teries by injection into the clamped ascending 
aorta. 


Material and Methods 

All patients selected for the study were among 
those who underwent an aortocoronary bypass 
grafting procedure done by a single surgeon 
between March, 1978, and November, 1979. 
Patients with unstable angina, postinfarction 
angina, severe left ventricular dysfunction 
(ejection fraction of < 35%), and left main coro- 
nary artery stenosis greater than 70% were ex- 
cluded. Patients were randomly assigned to one 
experimental group or the other (hypothermic 
perfusion versus hypothermic potassium car- 
dioplegia} on the morning of operation ac- 
cording to the last digit of the patient’s hospital 
identification number. Neither the surgeon nor 
the anesthesiologist knew which solution was 
used in any given patient, although a physician 
who could break the code was present in the 
operating room. 

Solutions to be used were prepared by the 
hospital pharmacy on the day of the operation. 
Both contained the following: dextrose, 2 gm 
per liter; sodium bicarbonate, 1 gm per liter; 
and sodium chloride, 6.32 gm per liter. In addi- 


tion, one solution contained potassium chlo- 
ride, 1.78 gm per liter. Both solutions were buf- 
fered to ensure comparable pH (pH = 7.6 at 
room temperature) and osmolality (280 mOsm). 

All patients underwent history, physical 
examination, and assignment to New York 
Heart Association Functional Class. Routine 
preoperative laboratory evaluation included: (1) 
hemogram; (2) levels of serum electrolytes, glu- 
cose, blood urea nitrogen, creatinine, triglyc- 
erides, and cholesterol; (3) electrocardiogram 
(ECG); (4) chest roentgenogram; and (5) gated 
nuclear cardiac blood pool scan with techne- 
tium 99m-labeled red blood cells. 


Operative Procedure, Intraoperative 
Measurements, and Postoperative Siudies 

Prior to the induction of anesthesia, intrave- 
nous lines, a central venous catheter, a radial ar- 
tery catheter, and a balloon-tipped pulmonary 
artery catheter were placed and baseline he- 
modynamic measurements were made: aortic 
pressure, pulmonary artery pressure, and cen- 
tral venous pressure. The cardiac output was 
determined by the thermodilution method. 

Following median sternotomy and simul- 
taneous harvesting of the saphenous vein, the 
heart was cannulated using a standard ascend- 
ing aortic cannula and separate caval cannulas. 
Proximal anastomoses of the vein grafts to the 
aorta were then performed using partial occlu- 
sion of the aorta. Once the proximal anas- 
tomoses had been completed, hemodynamic 
studies were repeated. In addition to those 
hemodynamic measurements obtained in the 
period before induction, an 18 gauge spinal 
needle was inserted into the left ventricle to 
measure left ventricular end-diastolic pressure 
(LVEDP) and maximum rate of rise of left ven- 
tricular pressure dP/dtmay. Propranolol (30 ug 
per kilogram of body weight) was then injected 
intravenously, and cardiopulmonary bypass 
was instituted. 

Core temperature, as determined by a 
nasopharyngeal temperature probe, was low- 
ered to 20° to 22°C, and topical cooling of the 
heart with Ringer’s lactate at 4°C was instituted. 
A 22 gauge needle temperature probe was se- 
cured in the septum. The left ventricle was 
vented with a cannula placed through the right 
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superior pulmonary vein. Vena caval tapes en- 
sured total bypass. 

In the early phases of the study, 21 patients 
requiring three or more bypass grafts had the 
distal anastomosis of the initial vessel to be 
bypassed performed prior to aortic cross- 
clamping, under local occlusion with elastomer 
tapes. This was done in an attempt to limit the 
period of global ischemia during aortic occlu- 
sion. All subsequent distal anastomoses in this 
group and all distal anastomoses in the remain- 
der of the patients were performed during one 
period of aortic cross-clamping. After the 
cross-clamp was applied distally, the arrest so- 
lution (at 4°C) was administered through a 14 
gauge catheter into the aortic root. Sufficient 
volume was perfused to lower the septal tem- 
perature to 10° to 15°C and to effect cessation of 
electrical activity, in general using 400 ml of ar- 
rest solution. Cessation of electrical activity was 
achieved in patients receiving the hypothermic 
solution as well as in those receiving the potas- 
sium cardioplegia. Two hundred milliliters of 
arrest solution was reinjected between the per- 


.formance of each distal anastomosis and at 


times of recurrent electrical activity, if any oc- 
curred during construction of an anastomosis. 

Following completion of the distal anas- 
tomoses, the patient was rewarmed to 38°C and 
cardiopulmonary bypass was discontinued. 
Approximately 15 minutes was allowed to pass 
for stabilization to occur and then hemo- 
dynamic measurements, including LVEDP, 
dPidtmax, and cardiac output, were obtained 
while the patient was still cannulated. During 
this stabilization period, graft flows were 
measured with an electromagnetic flowmeter. 
Following these measurements, protamine was 
administered and the cannulas were removed. 

A standard 12-lead ECG was obtained on a 
daily basis for the first five days following oper- 
ation. In addition, two biochemical markers 
were used. Lactate levels were measured in 
arterial and coronary sinus blood samples taken 
5 minutes after the institution of cardiopulmo- 
nary bypass, 15 minutes after aortic cross-clamp 
removal, and 5 minutes following discon- 
tinuance of cardiopulmonary bypass. Coronary 
sinus blood samples for lactate measurement 
were collected through a 14 gauge catheter 


which was placed in the coronary sinus through 
the right atrium following the institution of 
cardiopulmonary bypass. The mean lactate ex- 
traction ratio was calculated as follows: (aor- 
tic lactate-coronary sinus lactate)/aortic lac- 
tate. The cardiogenic lactate was calculated as: 
aortic lactate—coronary sinus lactate (mmole/L). 
Arterial blood samples for the MB fraction of 
creatine phosphokinase (MB-CPK) were col- 
lected prior to induction of anesthesia and 
every 45 minutes thereafter until cardiopulmo- 
nary bypass was begun; every 15 minutes for 
the first hour of cardiopulmonary bypass and 
then every hour while on bypass; 5 minutes 
following bypass and then every hour until the 
patient was taken to the intensive care unit; the 
evening of the operation, approximately 12, 18, 
and 24 hours following operation, and then 
daily for four days. The blood samples were 
centrifuged immediately and the serum was 
frozen. Isoenzyme determinations were done 
by agarose gel electrophoresis.* 

On the day following operation, a gated car- 
diac blood pool scan using a portable gamma 
camera and technetium 99m-labeled red blood 
cells was performed while the patient was in 
the intensive care unit. This examination was 
repeated at a time of follow-up (eight weeks to 
two years postoperatively). Interpretation of 
each scan was done by three separate nuclear 
cardiologists with no knowledge of the type of 
myocardial perfusion solution used. 

Statistical analyses of the data were done 
using paired and unpaired t tests and are re- 
ported as mean + standard error of the mean. 


Results 

From March, 1978, through October, 1979, 50 
patients were entered into the study. All pa- 
tients underwent isolated aortocoronary bypass 
grafting. Twenty-six patients received hypo- 
thermic intracoronary perfusion arrest, while 
24 received hypothermic potassium cardio- 
plegia. Background data on the patients are 
shown in Table 1. The number of vessels 
bypassed, cross-clamp time, and total car- 
diopulmonary bypass time for each group are 
shown in Table 2. l 


*Boston Medical Laboratory, Inc., Waltham, MA. 


160 The Annals of Thoracic Surgery Vol 34 No 2 August 1982 


Table 1. Background Data of Patients by Group? 


Hypothermic Potassium 
Variable Perfusion Cardioplegia 
No. of patients 26 (25/1) 24 (21/3) 
Age (yr) 56.5 + 1.0 55.0 + 1.5 
Previous MI 15 15 
Preop gated blood 60.8 + 3.1 57.0 £ 2.3 
pool scan ejection 
fraction (%) 
Hypertension 9 9 
Diabetes mellitus 3 4 
History of smoking 18 13 
Elevated triglycerides 9 11 
or cholesterol 
NYHA Functional 2.88 + 0.08 2.87 + 0.10 
Class 


“Where applicable, data are shown as mean + standard 
error of the mean. 


MI= myocardial infarction, NYHA = New York Heart As- 
sociation. 


As indicated, in the early phases of the study, 
the initial distal anastomosis was performed in 
21 patients during occlusion of the local vessel, 
followed by application of the aortic cross- 
clamp, administration of the arrest solution, 
and construction of the remainder of the distal 
anastomoses. There were 9 such patients in the 
hypothermic arrest group and 12 in the potas- 
sium cardioplegic group. The local occlusion 
technique was utilized only in patients requir- 
ing three or more grafts, as reflected by the 
mean number of grafts per patient (3.52 for 
those having local occlusion and 2.51 for those 
having all distal anastomoses performed after 
cross-clamp application). Use of this technique 


in almost one-half of the patients accounts, in 
part, for the time discrepancy between the du- 
ration of cross-clamp occlusion and cardiopul- 
monary bypass. 

Only 1 patient in the study died during hos- 
pitalization for aortocoronary bypass grafting. 
A 65-year-old man underwent three-vessel 
aortocoronary bypass uneventfully, with 
myocardial preservation by potassium car- 
dioplegia during 53 minutes of aortic cross- 
clamping. He died suddenly fifteen days after 
operation for a massive pulmonary embolus 
(confirmed at postmortem examination). There 
were no hospital deaths in the group receiving 
hypothermic perfusion. There have been no 
late deaths in either group. 


Perioperative Myocardial Infarction 

The diagnosis of perioperative myocardial in- 
farction was based on correlation of three mark- 
ers: (1) the appearance of new Q waves or 
bundle-branch block on the ECG; (2) peak 
MB-CPK determination greater than 50 IU/L; 
and (3) the finding on postoperative gated car- 
diac blood pool scan of new regional wall mo- 
tion abnormalities (other than septal abnor- 
malities) [19] and a decrease in left ventricular 
ejection fraction of greater than 10% compared 
with the preoperative study. ECGs were made 
for all patients postoperatively for five days. 
However, only 20 patients in the hypothermic 
perfusion group and 19 patients in the potas- 
sium cardioplegia group had a complete series 
of enzyme determinations. Technetium 99 gated 
cardiac blood pool scans were obtained pre- 
operatively and on the first postoperative day 
in 18 patients in the hypothermic perfusion 


Table 2. Number of Vessels Grafted, Cross-Clamp Time, and Total Cardiopulmonary 


Bypass Time for Each Group® 


Hypothermic 
Perfusion 
Variable (N = 26) 
No. of vessels bypassed 3.15 + 0.20 
Cross-clamp time (min) 52.1 + 3.1 
Total bypass time (min) 126.7 + 7.6 


aData shown as mean + standard error of the mean. 
NS = not significant. 


Potassium 
Cardioplegia 
(N = 24) p Value 
2.69 + 0.19 NS 

53.4 + 4.1 NS 
139.1 + 8.5 NS 


ee aia 
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Table 3. Correlation of Electrocardiographic Changes, Peak MB-CPK Levels, and Decreased Left 


Ventricular Function on Gated Blood Pool Scans®” 








Hypothermic Potassium 
Perfusion Cardioplegia 
Criteria (N = 26) (N = 24) 
New Q waves or BBB + decreased function 0 2 
on gated scan + MB-CPK > 50 IU/L 
Decreased function on gated scan 1 1 
+ MB-CPK > 50 IU/L 
New Q waves or BBB + decreased 2 0 
function on gated scan 
New Q waves or BBB + MB-CPK 2 50 IU/L 1 2 
Total 4 (15.4%) 5 (20.8%) 





*"Electrocardiographic changes = new Q waves or bundle-branch block. 
‘Decreased left ventricular function = decreased ejection fraction of more than 10% and new wall motion abnormalities, 


excluding septal changes. 
BBB = bundle-branch block. 


group and 20 patients in the potassium car- 
dioplegia group. All patients had either enzyme 
determinations or gated blood pool scans, or 
both, in addition to the serial ECGs. 

In the hypothermic perfusion group, new Q 
waves developed in 2 patients postoperatively 
and new bundle-branch block developed in 2 
other patients. In the potassium cardioplegia 
group, a new Q wave developed in 1 patient 
and new bundle-branch block developed in 4 
patients. 

There was no difference in maximum MB- 
CPK level or duration of release between the 
two groups. The mean maximum level of MB- 
CPK was 40.6 + 6.3 IU per liter in the hy- 
pothermic perfusion group and release lasted a 
mean of 22.9 + 3.0 hours. There were 6 patients 
in the hypothermic perfusion group with a 
maximum MB-CPK greater than 50 IU per liter. 
In the potassium cardioplegia group, the mean 
maximum level of MB-CPK was 73.5 + 16.8 IU 
per liter, the mean duration of MB-CPK was 
28.2 + 4.6 hours, and there were 10 patients 
with maximum MB-CPK values greater than 50 
IU per liter. None of these differences reached 
statistical significance. 

In the hypothermic perfusion group, 5 pa- 
tients had a decrease in left ventricular ejection 
fraction of more than 10% on gated blood pool 
scanning and associated new regional wall mo- 
tion abnormalities assessed the day after oper- 


ation and compared with the preoperative scan; 
however, the mean postoperative ejection frac- 
tion for the group (57.3 + 2.3%) was not sig- 
nificantly different from the mean preoperative 
ejection fraction (58.8 + 2.6%) in this group of 
18 patients. Thirteen patients in the potassium 
cardioplegia group had both a decrease in ejec- 
tion fraction of more than 10% and new re- 
gional wall motion abnormalities. There was a 
significant decrease in the mean postoperative 
ejection fraction (55.1 + 2.9%) compared with 
the mean preoperative ejection fraction (63.7 + 
2.5%) (p < 0.025) in this group of 20 patients. 

Among the 27 patients in whom all three 
markers of perioperative myocardial infarction 
were assessed (ECG, MB-CPK, and preopera- 
tive and postoperative gated scans), 2 had 
changes on ECG only, 7 had MB-CPK elevation 
only, and 4 had decreased function on gated 
cardiac blood pool scan only, i.e., 13 of these 27 
patients had evidence of possible myocardial 
injury by only one marker. Table 3 shows the 
number of patients in each group who demon- 
strated two or more of these criteria for post- 
operative myocardial infarction. The total inci- 
dence of possible myocardial injury was 15.4% 
in the hypothermic perfusion group and did 
not differ from that (20.8%) in the potassium 
cardioplegia group. We [20] have previously 
reported a series of patients undergoing coro- 
nary artery bypass grafting in whom the peri- 
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operative infarction rate was 4.8%, as judged 
by new Q waves in the ECG. In the present 
study the incidence of perioperative infarc- 
tion, if judged solely by new electrocardio- 
graphic Q waves, is 6% (7.7% in the hypo- 
thermic perfusion group versus 4.2% in the 
potassium cardioplegia group [not significant)). 
We believe, however, that broadened criteria 
for assessing possible myocardial injury 
should be employed in a study aimed at de- 
tecting differences between two myocardial 
preservation techniques. 


Intraoperative Hemodynamics 

Hemodynamic measurements were made just 
prior to and just after total cardiopulmonary 
bypass during a period of hemodynamic sta- 
bility. Table 4 shows the variables that were 
measured and the mean percent change in each 
of these variables in the two groups. There was 
no statistically significant difference in any of 
these measures of cardiac performance between 
the two groups of patients. 

The myocardial lactate extraction ratio and 
cardiogenic lactates did not change signifi- 
cantly in either group. The myocardial lactate 
extraction ratio in the hypothermic perfusion 
group changed from 0.01 + 0.02 prior to bypass 
to 0.03 + 0.04 after cross-clamp release and to 
0.04 + 0.04 after cardiopulmonary bypass. In the 
potassium cardioplegia group, this extraction 
ratio changed from 0.06 + 0.05 before bypass to 
0.03 + 0.02 after cross-clamp release and to 0.02 
+ 0.02 after bypass. None of the differences 
were significant. Cardiogenic lactates in the 
hypothermic perfusion group changed from 
0.06 + 0.08 mmole/L prior to bypass to 0.05 + 
0.12 mmole/L after cross-clamp release and to 


0.03 + 0.08 mmole/L after bypass. Cardiogenic. 


lactates in the potassium cardioplegic group 
changed from 0.12 + 0.14 mmole/L before 
bypass to 0.16 + 0.08 mmole/L after cross-clamp 
release and to 0.06 + 0.07 mmole/L after bypass. 
Again, none of these differences was signifi- 
cant. 


Postoperative Hemodynamic Support 
Eight patients in the hypothermic perfusion 
group required circulatory support with either 


Table 4. Percent Change of Hemodynamic 
Variables Measured just before and just arier 
Total Cardiopulmonary Bypass 





Hypothermic Potassium 
Perfusion Cardioplegia 
Variable (N = 26) (N = 24) 
Heart rate 122.1 122.4 
Systolic aortic 16.0 16.0 
pressure 
Double product 130.5 131.6 
Cardiac output 128.2 123.1 
Cardiac index 126.5 123.3 
Stroke volume 12.3 11.3 
Stroke index TL7 0 
dP/dt max $3.2 122.1 
LV stroke work 13.7 11.3 
. . index 
RV stroke work 144.2 138.9 
index 
Mean pulmonary 122.5 127.1 
artery pressure 
Mean pulmonary 117.6 118.4 
wedge pressure 
Mean central {1.6 {4.6 


venous pressure 


dP/dtmax = maximum rate of rise of left ventricular pressure; 
= left ventricular; RV = right ventricular. 


dopamine or norepinephrine in the immediate 
postoperative period, while 7 patients in the 
potassium cardioplegia group required similar 
support. Two patients in each group required 
support with an intraaortic balloon pump in 
addition to pressor agents. 


Arrhythmias 

Fifteen patients in each group demonstrated 
either atrial or ventricular rhythm disturbances 
in the immediate postoperative period (e.g., 
atrial flutter or fibrillation, conduction delays, 
or premature ventricular contractions). Thirteen 
patients in the hypothermic perfusion group 
received temporary atrioventricular pacing 
early in the period following bypass because of 
transient partial or complete atrioventricular 
block, and 11 patients in the potassium car- 
dioplegia group received atrioventricular pac- 
ing. None of the patients in either group re- 
quired permanent pacing. 


heal 
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Late Gated Cardiac Scans 

Thirteen patients in each group have had late 
gated cardiac blood scans done eight weeks to 
two years postoperatively. The mean late post- 
operative left ventricular ejection fraction was 
not significantly different from the mean pre- 
operative ejection fraction in either group (56.0 
+ 2.7% preoperatively versus 57.5 + 3.9% 
postoperatively in the 13 patients of the 
hypothermic perfusion group and 62.7 + 2.8% 
preoperatively versus 57.5 + 2.5% postopera- 
tively in the 13 patients of the potassium car- 
dioplegia group). Left ventricular ejection frac- 
tion decreased more than 10% in 30.8% (4 of 13 
patients) of the hypothermic perfusion group 
and in 38.5% (5 of 13 patients) of the potassium 
cardioplegia group (p = 0.77). 


Comment 
This randomized, prospective, double-blind 
study could find no difference in myocardial 
function after aortic cross-clamping for coro- 
nary bypass operation when the heart was 
protected by hypothermic perfusion versus 
hypothermic potassium cardioplegia injected 
by handheld syringes. We use atrioventricular 
pacing to treat arrhythmias and intraaortic bal- 
loon assist early in the course of patients having 
any difficulty. However, the frequent use of 
these modalities in the patients in this study 
suggests generally poor myocardial preserva- 
tion in both groups, probably because of insuf- 
ficient volumes of solution and insufficient 
cooling. These results emphasize the primary 
protective effects of hypothermia and stress the 
importance of obtaining uniform cooling 
throughout the myocardium, and have led to 
the design and application of a new system of 
infusing cardioplegic solution through a sepa- 
rate roller pump, monitored by regional 
myocardial temperature mapping [21]. 
Assessing myocardial preservation after aor- 
tic cross-clamping is more difficult in patients 
than in animals because of lack of experimental 
hemodynamic control in patients and because 
tests to evaluate left ventricular function in pa- 
tients are less precise than these used in ex- 
perimental animals. The exclusion from this 
study of high-risk patients could tend to 


obscure small differences between the two 

methods of myocardial protection because of 

relative insensitivity of the markers employed. 

Nevertheless, the combination of variables that 

can be accurately gauged in patients should 

allow differentiation between two different 

cardioplegic solutions that have important dif- . 
ferences in preservation capability. 

Mortality did not aid in differentiating be- 
tween the solutions investigated. The one death 
in the series occurred in the potassium car- 
dioplegia group and was caused by a pulmo- 
nary embolus. The mobility of the patient who 
died was limited by postoperative paroxysmal 
atrial fibrillation. 

Studies such as those by Righetti [22], Baur 
[23], and their co-workers have pointed out that 
the most accurate approach to the diagnosis of 
perioperative myocardial infarction requires 
correlation of electrocardiographic changes, 
MB-CPK release, and cardiac nuclear scanning 
with technetium 99m pyrophosphate. These au- 
thors demonstrated that electrocardiographic 
changes alone: tend to underestimate the 
number of myocardial infarctions and that 
MB-CPK release alone tends to overestimate the 
number of infarctions. Gated cardiac blood pool 
scans using technetium 99m—labeled red blood 
cells have been shown to accurately demon- 
strate regional left ventricular wall motion ab- 
normalities and left ventricular ejection fraction 
[24, 25]. We have found that the incidence esti- 
mated by a comparison of the preoperative and 
immediately postoperative gated cardiac blood 
pool scans alone, appears to fall somewhere 
between these ranges. Small subendocardial 
and septal infarcts may not be detected by this 
method. The postoperative appearance of new 
regional left ventricular wall motion disorders, 
while not directly indicative of the viability of 
the muscle, should be indicative of regional 
muscle injury. The use of the MB fraction of 
creatine phosphokinase (MB-CPK) measured in 
serum to detect myocardial cell injury has been 
under intensive investigation by multiple cen- 
ters [13, 15, 23, 26]. Van der Laarse and as- 
sociates [27] demonstrated that the peak value 
of MB-CPK in the first 24 hours postoperatively 
corresponded to the extent of myocardial injury 
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as well as did calculations of total MB-CPK over 
five postoperative days. Peak MB-CPK values 
greater than 50 IU per liter [28, 29] or 100 IU per 
liter [13] have been considered indicative of 
myocardial injury by others. We chose to view 
as significant the peak MB-CPK values greater 
than 50 IU per liter in the first three postopera- 
tive days. 

Correlation of these three markers of 
perioperative myocardial infarction is shown in 
Table 3 and reveals a perioperative infarction 
rate of 15% in the hypothermic perfusion group 
versus 21% in the potassium cardioplegia 
group (p = 0.61). This rate of perioperative in- 
farction is similar to those reported by Righetti 
[22], Baur [23], and their colleagues, who used 
similar markers of infarction. We [20] previ- 
ously reported a perioperative infarction rate of 
4.8% when only new Q waves in the ECG were 
cited. As already noted, the incidence of new Q 
waves in this study is similar (6%). 

The cardiogenic lactate values and the 
myocardial lactate extraction ratios were not 
statistically different between the two groups of 
patients. Essentially no lactate was produced in 
hearts protected by either solution. 

Both groups of patients had similar changes 
in the hemodynamic variables measured be- 
fore and after bypass. The cardiac index and 
dP/dtmax increased in both groups as did left- 
sided filling pressures. The release of endog- 
enous catecholamines, as a function of cardio- 
pulmonary bypass per se, may obscure the 
effects of the intervention under study. 

Our results support the findings of 
Kouchoukos [17] and of Tucker [18], Ellis [16], 
Conti [15], and their associates who also dem- 
onstrated the beneficial protective effect of 
perfusion hypothermia and failed to find addi- 
tional benefit of hyperkalemic solutions. It is 
thought that supplying sufficient volume of 
perfusate is also important to ensure uniform 
cooling of the myocardium [21]. The end point 
of cessation of electrical activity on the moni- 
tored ECG (as occurred rapidly with both these 
solutions) is not, per se, indicative of good 
myocardial preservation. 

In contrast to our data and those of others 
[16-18] involving patients are the data from rats 
[7], dogs [9, 10], cats [11], and pigs [5, 8], which 


have shown additional benefit of potassium 
cardioplegia over that afforded by perfusion 
hypothermia alone. Differences in species may 
play a role in these contrasting results. Of inter- 
est in this regard are the findings in our labo- 
ratory* of intracellular erythrocyte potassium 
concentrations of 9 to 10 mEq/L in dogs? and of 
9 to 10 mEq/L in cats compared with 80 mEq/L 
in human red blood cells and 100 to 110 mEq/L 
in rat red blood cells. The exact role of these 
findings in the study of potassium cardioplegia 
for myocardial preservation is as yet undeter- 
mined; however, the differences in cellular 
potassium levels found point out the potential 
dangers of extrapolation of experimental results 
in animals directly to humans. 


Supported by USPHS Grant HL 12322, GM 15904-12, 
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Serial C-reactive Protein Measurements in 
Infective Complications Following Cardiac Operation: 


Evaluation and Use in Monitoring Response to Therapy 
Adeeb T. M. Ghoneim, M.R.C.Path., John McGoldrick, F.I.M.L.T., 


and Marian I. Ionescu, M.D. 


ABSTRACT Serum C-reactive protein (CRP) was 
studied serially in 100 patients who underwent car- 
diac operation and in another 17 patients in whom 
serious infections including prosthetic valve en- 
docarditis developed in the early postoperative pe- 
riod. Eleven patients with late onset of prosthetic 
valve endocarditis and infective endocarditis were 
also investigated. The assay method used was radial 


immunodiffusion. Patients without postoperative ` 


infective complications showed a rapid increase in 
CRP levels, which reached a peak within 72 hours 
after operation followed by a progressive decline. 
The differences between the CRP levels in infected 
and uninfected patients were significant (p < 0.01). 
` Serial measurements were of prognostic value in 
evaluating the response to chemotherapy and in pre- 
dicting the outcome of the disease. 


Postoperative infections are among the most se- 
rious complications following cardiac opera- 
tions, and early diagnosis and treatment may 
be lifesaving. Various nonspecific laboratory 
tests, such as white blood cell count and eryth- 
rocyte sedimentation rate (ESR}, are used as 
aids for the detection and follow-up of infec- 
tion. However, they often show wide variation 
in the complex postoperative conditions where 
bleeding, changes in plasma proteins and 
lipids, and the presence of hematoma and ne- 
crotic material may result in elevated white 
blood cell count and ESR even in the absence of 
infection. Furthermore, in certain infections the 
leukocytic response may be depressed and re- 
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liance on white blood cell count may be mis- 
leading [1]. 

Studies on acute-phase protein levels have 
shown the C-reactive protein (CRP) to rise more 
rapidly than the other proteins following in- 
flammation and tissue damage. The CRP levels 
also return to the normal levels of less than 20 
mg/L more rapidly, permitting easier detection 
of any secondary response. Previous studies 
have shown that the greatest increase in all 
acute-phase proteins was observed with bacte- 
rial infections, while viral infections had 
slightly elevated CRP levels [2]. The CRP level 
can be measured accurately, and its rapid rate 
of change was thought to make it a more sensi- 
tive immediate test than others as a marker of 
infection. Although such a rise is a nonspecific 
one, its use in monitoring neonatal infections 
[3], infections in patients with hematological 
malignancies [4], and postoperative complica- 
tions [5] has been suggested. ` 

This report describes the time course of CRP 
levels in patients following uncomplicated 
open-heart operations and its behavior in pa- 
tients in whom serious infections developed in 
the early postoperative period. The value of 
CRP levels in monitoring the progress of infec- 
tion and response to therapy is discussed. 


Material and Methods 

Patients Having Cardiac Operation 

The pattern of postoperative serum CRP re- 
sponse was studied in 100 consecutive patients 
who underwent various cardiac operations 
(Table 1). Two milliliters of clotted blood was 
collected 1 to 5 days prior to operation and then 
twice weekly following the operation. From 50 
patients four to ten samples were collected, 
while from the other 50 patients only two to 
four samples. Serial measurement of the ESR 
was performed concurrently. 
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Table 1. Cardiac Operations in 100 Consecutive 
Patients Investigated for Serum C-reactive 
Protein Levels 








Type of No. of 
Operation Patients 
Aortic valve replacement 26 
Mitral valve replacement 23 
Mitral and aortic valve replacement 21 
Aortocoronary bypass graft 21 
Mitral valve replacement and aorto- 6 
coronary bypass graft 
Repair of atrial septal defect 3 


Patients with Early Postoperative Complications 
During the five-year study period, 17 out of 900 
patients who underwent cardiac operation ex- 
perienced major infections in the early post- 
operative period (onset, less than 3 months 
after operation). Ten patients had serious 
wound infection, and in 5 of them the infection 
was accompanied or followed by septicemia 
and endocarditis; 2 other patients had endo- 
carditis with no wound infection. The causa- 
tive organisms were Staphylococcus aureus (8 
patients), Pseudomonas aeruginosa (1 patient), 
Klebsiella aerogenes (1 patient), Staphylococcus 
epidermidis (1 patient), and one infection caused 
by Streptococcus faecalis. Peritonitis developed 
in 3 patients during peritoneal dialysis for 
acute renal failure. The causative agents were 
P. aeruginosa (1), Klebsiella oxytoca (1), and 
Acinetobacter calcoacaticus var. anitratus (1). 
Two patients had pneumonia caused by P. 
aeruginosa. 
Clinical criteria for diagnosis of infection in- 
cluded pyrexia, toxemia, the presence of a dis- 
charging wound, leukocytosis, and isolation of 
the organism from the wound, sputum, peri- 
toneal dialysis fluid, or blood cultures. In pa- 
tients with bacteriologically documented in- 
fections, samples of blood for CRP assays were 
collected daily or at least twice weekly during 
treatment until discharge from the hospital. 


Patients with Infective Endocarditis 

During the same five years, 4 patients experi- 
enced prosthetic valve endocarditis late (more 
than 3 months) postoperatively. It was caused 


by S. epidermidis (1), Streptococcus faecalis (1), 
and Streptococcus viridans (1). In the fourth 
patient, endocarditis caused by S. aureus de- 
veloped following infection of the intravenous 
catheter site used for the continuous infusion of 
heparin. In 7 patients who had no previous car- 
diac operation, endocarditis developed on the 
native valve. The causative organisms were 
Streptococcus viridans (4), B-hemolytic strepto- 
coccus of group C (2), and S. aureus (1) following 
insertion of an endocardial pacemaker system. 


Serum C-reactive Protein 

The CRP levels were measured by single radial 
immunodiffusion, using the method of Man- 
cini and colleagues [6]. Human CRP antisera 
and standards were obtained from Seward Im- 
munostics in London. Patient’s sera were used 
neat and in 1/10 dilution in 0.9% weight per 
volume of sodium chloride. The levels were cal- 
culated from a standard curve, prepared for 
each new batch of antiserum. 


Results 

The pattern of the ESR and CRP responses in 

the uninfected patients postoperatively is pre- 

sented in Figures 1 and 2. The preoperative 

CRP levels were all less than 20 mg/L. From the 

first few hours after operation, the CRP levels 

started to rise until the peak was reached by the 

third day (mean, 420 mg/L). This was followed 

by progressive decline until levels of less than 

30 mg/L were reached by the third postopera- 

tive week. Because of the high CRP levels in the 

first week produced as a reaction to surgical 

trauma, it was possible to detect elevations 

suggestive of infection from the second week 

onward when persistent high levels were con- 

sistent with infective complications (Fig 3). In 

this series, levels of 200 mg/L or higher in the 
second postoperative week or of 100 mg/L or. 
above during the third postoperative week: 
were always associated with infection. The l 
levels shown in Figure 3 represent those ob-° 
tained at the time the infection was' first sus- 

pected or diagnosed. The. clinical details and 

CRP levels in patients in whom infection de- 

veloped are presented in Table 2. The difference `, 
between the CRP levels in the infected patients . 
and in those without infection was statistically 
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Fig 1. Erythrocyte sedimentation rate (ESR) levels in 
random samples collected from 100 patients following 
cardiac operation. The data represent median levels and 
range in patients without infection. 
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Fig 2. Serum C-reactive protein (CRP) levels in random 
samples collected from 100 patients following cardiac 
operation. The data represent median levels and range 
in patients without infection. 
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Fig 3. Serum C-reactive protein (CRP) levels in patients 
with early postoperative infection. The shadowed zone 
(a) represents the normal postoperative CRP response. 


significant (p < 0.01; t test). The CRP levels 
from a selected number of patients are shown in 
Figures 4, 5, and 6. 


Illustrative Case Reports 

A 48-year-old man underwent mitral and tri- 
cuspid valve replacement in November, 1980. 
The first postoperative week was uneventful 
(see Fig 4). On day 7 the discharge from a pu- 
rulent wound was sent for culture, and S. au- 
reus was isolated, Blood cultures were sterile, 
and the CRP level obtained on the tenth post- 
operative day was 450 mg/L. Because the organ- 
ism was partially resistant to cloxacillin, treat- 


ment with gentamicin and fusidic acid was ` 





wound discharge. The CRP level was 335 and 
rose to 675 mg/L during the following 48 hours. 
Treatment with cloxacillin and Fucidine (so- 
dium fusidate) was started and continued for 
2 weeks. During that period the patient's con- 
dition improved, and the wound discharge be- 
came sterile. Serial measurements of the CRP 
levels showed low values (20 mg/L) for 8 days. 
However, after the treatment was discontinued 
the patient had a relapse and further studies 
showed a secondary CRP response, which ac- 
companied a further isolation of S. aureus from 
the wound. Hence, the wound was surgically 
debrided and treatment was given with gen- 
tamicin and cloxacillin for 2 weeks, followed by 


‘cloxacillin for 4 weeks (see Fig 5). Retrospective 


analysis suggests that the 2-week treatment of 
deep sternal wound infection was inadequate 
and that prolonged therapy might have been 


started. After initial response, the CRP levels needed. In addition, the use of Fucidine in 
rose again and remained at a high level (ap- spite of the expected high bone level may 
proximately 300 mg/L) during the following 14 have been followed by the emergence of few 
days until the patient died 28 days after opera- Fucidine-resistant mutants. It is possible that 
tion with signs of septicemia. fe a 7 during the period when the CRP levels were 

A 52-year-old man underwent aortocoronary -low, the infection was dormant with few viable 
bypass graft. The CRP response during thé first. bacterial cells. The use of CRP levels after dis- 
10 days after operation was normal. On day. 13, continuation of therapy gave a warning of the 
he became pyrexial and the diagnosis of sternal’ reactivation of the infective process, therefore 
wound infection caused by S. aureus was coti- _more aggressive therapy was used for the sec- 
firmed by the isolation of the organism. from ond infection. 
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Table 2. Clinical Details of Patients with Postoperative Infective Complications 


Infection/ CRP Levels at 
Patient No., Organism/ Beginning/during Chemotherapy 
Age (yr), Sex Day Postop Infection (days) Outcome 
1. 45,M Endocarditis/ 126/151, 179, 209 5 Died 
K. aerogenes/14 
2. 52,F Endocarditis/ 350/215, 178, 76, 198, 22 Died 
S. aureus/14 225, 235, 257 
3. 62,M Endocarditis/ 158/164, 109 5 Died 
S. epidermidis] 
21 
4, 58,M Wound infection/ 280/88, 98, 80, 60, 27 28 Survived 
S, aureus/16 
5. 52, F Wound infection 205/88, 76, 32, 26 30 Survived 
+ septicemia/ 
S. aureus{16 
6. 51,M Peritonitis/ 330/275, 365, 165, 335, 15 Died 
K. oxytocal9 215, 380, 480 
7. 60, F Peritonitis/ 250/325, 350 5 Died 
Acinetobacter 
sp/14 
8. 66, F Peritonitis/ 360/375, 545 5 Died 
E aeruginosa! 
17 
9, 40,M Wound infection/ 400/455, 495, 320, 460, 8 Died 
S. aureus/14 440 co. 
10. 48,M Wound infection/ 450/255, 210, 330,'220, 16 Died 
S. aureus/10 255, 290, 255 Res 
11. 23,M Wound infection/ 225/156, 167, 19e 89, 73, 35 Survived 
S. aureus/13 43, 2 a 
12. 58,M Wound infection/ 300/152, 127, 93, 63, 61, 35 Survived 
S. aureus/13 40, 20 s 
13. 54, M Wound infection/ 150/175, 95, 80, 45, 30. 21 Survived 
P. aeruginosal a 
27 
14. 59, F Wound infection/ 275/220, 125, 90, 60, “45, 21 Survived 
S. faecalis/18 30, 20 ee 
15. 52,M Wound infection/ 335/675, 530, 190, 155, 14 Survived 
S. aureus/13 135,17 |. 
Wound infection/ 250/385, 160, 100, 30, 17 28 Survived 
S. aureus /34 Da 
(relapse) ay 
16. 59, F Pneumonia/ 385/350, 310,:275 4 Died 
P. aeruginosal = 
10 
17. 58,F Pneumonia! 250/280, 255, 305, 275, 7 Died 
P. aeruginosa! 345 
13 





Pseudomonas aeruginosa is an opportunistic 
organism responsible ‘for infection in com- 
promised patients, especially those who are 
treated for many days with antibiotics in the 
intensive care unit. Figure 6 shows the CRP re- 
sponse in 3 patients with P. aeruginosa infec- 
tion. Patient 1 had P. aeruginosa pneumonia. 


The infection was treated with gentamicin. 
However, this treatment was unsuccessful and 
the patient died 16 days after operation. The 
CRP response showed persistently high and 
rising levels. Patient 2 had renal failure in the 
early postoperative period. ‘Following 4 days 


of peritoneal dialysis, peritonitis due to P. 
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Fig 4. Serial measurements of serum C-reactive protein 
(CRP) from a patient with Staphylococcus aureus 
sternal wound infection. The patient died on post- 
operative day 28. The shadowed zone (a) represents the 
normal postoperative CRP response. 
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Fig 5. Serial measurements of serum C-reactive protein 
(CRP) from a patient with Staphylococcus aureus 
sternal wound infection. The shadowed zone (a) repre- 
sents the normal postoperative CRP response. The two 
CRP peaks represent two episodes of wound infection. 
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Fig 6. Serum C-reactive protein (CRP) response in pa- 
tients with Pseudomonas aeruginosa infections. Pa- 
tient 1 had pneumonia, and Patient 2 had peritonitis. 
Both died of uncontrolled infection. Patient 3 had a 
sternal wound infection, which was successfully 
treated. The shadowed zone (a) represents the normal 
postoperative CRP response. 


aeruginosa developed, which was followed by 
septicemia. Treatment of the infection was un- 
successful, and she died on the twenty-second 
postoperative day. The CRP levels continued to 
rise, and a peak of 550 mg/L was reached just 
before her death. Patient 3 remained in the in- 
tensive care unit for 3 weeks because of compli- 
cations not related to infection. He needed tra- 
cheostomy. The tracheostomy wound became 
colonized by P. aeruginosa. Later, the sternal 
wound became infected also. A CRP level 
of 175 mg/L at day 27 was abnormal and was 
accompanied by the isolation of the organ- 
ism from the sternal wound. Treatment with 
tobramycin and ticarcillin was started, and the 
infection responded well to treatment. 

The CRP levels in patients in whom early 
prosthetic valve endocarditis developed, in those 
with late onset of prosthetic valve endocar- 
ditis, and in patients with infective endo- 
carditis on native valves are shown in Figure 7. 
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Fig 7. Serum C-reactive protein (CRP) levels in patients 
having cardiac operation but no infection (A), patients 
with late onset of prosthetic valve endocarditis and in- 
fective endocarditis (B), and patients with early 
prosthetic valve endocarditis (C). The levels shown rep- 
resent serum levels when first tested after tke clinical 
diagnosis of endocarditis had been made, and each mea- 
surement represents 1 patient. In section B, the open 
circles represent patients with late onset of prosthetic . 
valve endocarditis while the closed circles are those with 
endocarditis of native valves. Mean and standard de- 
viation are indicated for each group. 
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In early postoperative endocarditis, which al- 
most always was caused by a highly virulent 
organism and was accompanied by wound in- 
fection, the levels, as expected, were higher 
than in those patients with late onset of 
prosthetic valve endocarditis. The difference 
between the CRP level in patients with differ- 
ent types of endocarditis and patients who had 
a cardiac operation but no infection was statis- 
tically significant (p < 0.01; f test). 


Comment 

Infection following a cardiac operation is usu- 
ally a serious complication. Because of the use 
of prophylactic antibiotics immediately before 
and for a short period after operation and be- 
cause time is needed for bacteria to multiply 
and invade the tissues, early infections may 
pass undetected. Tests that draw attention to 
the possible presence of early infection in such 
patients are of considerable value because they 
will call for extensive investigation and early 
diagnosis. 

Specific tests utilizing circulating antibodies 
or circulating immune complexes have been 
suggested for the diagnosis of infective en- 
docarditis. However, these complexes appear 
in the circulation several days after the onset 
of septicemia and may persist for a long time 
[7-9]. 

Detection of the circulating bacterial antigens 
may be a more sensitive test for bacteremia. 
However, thè polymicrobial nature of the 
disease and the antigenic variations between 
different strains of the same species may com- 
plicate the test. Trauma, tissue damage, in- 
flammation, and infection are associated with 
“acute-phase phenomenon,” which is charac- 
terized by the presence of fever, leukocytosis, 
increase in the ESR, and rapid and relatively 
nonspecific increase in acute-phase proteins. 
The proteins that have been identified as acute 
phase are a group of glycoproteins consisting of 
alpha, acid glycoprotein, alpha,-antitrypsin, 
ceruloplasmin, haptoglobulin, fibrinogen, and 
C-reactive protein. Measurement of these pro- 
teins has proved valuable in diagnosing a dis- 
ease state involving inflammation and tissue 
damage, and in monitoring the effectiveness of 


therapy. Previous studies on acute-phase pro- 
tein levels have shown the CRP to rise more 
rapidly and dramatically than the other proteins 
following inflammation and tissue damage and 
that the levels return to normal much faster. 
This rapid rate of change of CRP makes it a 
more sensitive test than other acute-phase pro- 
tein and nonspecific tests of the ESR or white 
cell count. 

In 1957, Rapport and associates [10] described 
the pattern of postoperative CRP response in a 
group of patients who underwent various sur- 
gical procedures. Several reports followed this 
publication [1, 5] and confirmed Rapport’s ob- 
servation. Our results in patients having un- 
complicated cardiac surgical operation showed 
a similar pattern. A level of 30 mg/L was 
achieved by the third postoperative week. High 
CRP levels during or after the second post- 
operative week were associated with clinical 
infection. The CRP levels did reflect the clin- 
ical state of the patient: they failed to decline 
when complications occurred and, in general, 
remained high or even increased abruptly as 
infection progressed. In our group of patients, 
the only important possible cause of high CRP 
other than infection is myocardial infarction. In 
a previous report involving patients who had 
cardiac disease and received medical treatment, 
and in whom a major myocardial infarction de- 
veloped, the CRP levels rose to a very high level, 
while minor infarction or angina did not pro- 
duce such a rise [11]. This possibility should be 
borne in mind when assessing the importance. 
of a high CRP level in a patient after cardiac op- 
eration. However, this complication is an early 
one and it can be diagnosed easily by elec- 
trocardiographic and enzyme changes. 

The relationship between elevated ESR and 
the presence of CRP in the serum has been the 
subject of many reports. Most authors, how- 
ever, seem to agree that CRP, which rapidly re- 
flects changes of an inflammatory process, is a 
more sensitive indicator than the ESR [5, 12, 
13]. Hedlund [13] in 1961 showed that in acute 
inflammation, the serum CRP rose earlier than 
the ESR and that the ESR remained elevated 
considerably longer than the serum CRP. It is 
unlikely that concentrations of CRP could di- 
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rectly affect either ESR or plasma viscosity, and 
it was suggested that quantitation of CRP in 
addition to measurement of ESR can offer fur- 
ther diagnostic information [14]. 

In our series, the postoperative ESR (see Fig 
1) was so variable and unpredictable that its use 
as an early marker of infection was precluded. 
Serial studies of CRP were found to be of 
greater value in the diagnosis and in the 
monitoring response to therapy than were 
single estimations. We currently collect sera for 
CRP levels whenever blood cultures or other 
blood tests are required. Although pyrexia oc- 
curred with many infections and was associated 
with a high CRP level, elevated CRP levels oc- 
curred also when the temperature was within 
the normal range. During successful treatment 
the CRP levels showed a more rapid response 
than ESR, white blood cell count, or body tem- 
perature. On the basis of our findings, we usu- 
ally undertake an intensive investigation for a 
focus of infection in any patient with a high 
CRP level (greater than 100 mg/L) in the third 
postoperative week, even in the absence of 
pyrexia. We have not noticed low CRP levels in 
the presence of active bacterial infection. How- 
ever, in a previous study [15] we reported that 2 
patients with transient bacteremia caused by 
Streptococcus viridans and Streptococcus faecalis 
had persistently low CRP levels. Rose and col- 
leagues [4] in a study of infection in patients 
with leukemia found a similar phenomenon 
with Streptococcus viridans and Staphylococcus 
albus bacteremia. They postulated that patients 
with rheumatoid arthritis and perhaps other 
diseases may behave as “poor responders” and 
produce persistently low levels of CRP. Hence, 
the possibility of a “poor response” should be 
considered in the presence of low CRP levels 
and an otherwise clear evidence of infection. 
Self-limiting bacterial infections, noninfective 
inflammation, tissue damage, and virus infec- 
tions may show an initial high CRP level with a 
subsequent decline, even without antibiotic 
treatment. 

Our results emphasize the importance of se- 
rial studies of CRP levels. It is not surprising 
that in many early studies, a single estimation 
of CRP using nonquantitative tests was mean- 
ingless and led many clinicians to underesti- 


mate the value of this test. Because the CRP re- 
sponse is nonspecific, it is affected by different 
bacteria and that makes it a useful screening 
test for bacterial infections. We used the CRP 
levels as an aid to monitoring the response to 
therapy. Within 24 to 48 hours of successful 
therapy, the CRP levels showed a marked re- 
duction, which was interpreted as an indication 
that the inflammation was subsiding. The CRP 
levels may be used to study the optimum dura- 
tion of therapy in such infections as sternal os- 
teomyelitis, deep wound infections, and en- 
docarditis. The CRP levels may be of value in 
the diagnosis of peritonitis after peritoneal 
dialysis, especially when the causative or- 
ganisms may be difficult to isolate from the 
dialysis fluid. In conclusion, the present study 
provides additional evidence to the value of 
serial CRP measurements in the diagnosis of 
infection following cardiac operation and in 
monitoring the response to therapy. 


We are grateful to Professor E. H. Cooper and to 
Professor E. Mary Cooper for advice in the prepara- 
tion of this paper. The study was supported by Grant 
No. 37316, The University of Leeds. 
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Alterations in Pulmonary 


Function Following 


Pneumonectomy for Bronchogenic Carcinoma 


Edward J. Dunn, M.D., Jose Hernandez, M.D., 
Harvey W. Bender, Jr., M.D., and Richard L. Prager, M.D. 


ABSTRACT Twenty-one patients who underwent 
pneumonectomy for bronchogenic carcinoma at the 
Nashville Veterans Administration Hospital from 
November, 1977, to March, 1980, were evaluated with 
standard pulmonary function tests preoperatively 
and postoperatively. Twelve patients had Stage I 
disease, 4 patients had Stage IJ, and 5 patients had 
Stage III disease. The interval between the operative 
procedure and postoperative testing ranged from 2 to 
33 months (mean, 12.4 months). 

Mean functional loss of pulmonary capacity after 
pneumonectomy was based on analysis of preopera- 
tive and postoperative forced vital capacity (FVC) 
and initial-second forced expiratory volume (FEV,) 
indices. The mean functional loss as expressed 
by FVC was 41.5% after right pneumonectomy and 
34.0% after left pneumonectomy. The mean func- 
tional loss as expressed by FEV, was 40.2% after 
right pneumonectomy and 38.3% after left pneu- 
monectomy. 

The postoperative functional status of each patient 
was classified according to the New York Heart As- 
sociation ctiteria. Nineteen of the 21 patients were in 
Class I or II preoperatively. Postoperatively, 10 pa- 
tients were in Class I or II and 11 in Class II or IV. 
_ The results indicate that a postoperative FVC less 
than 2.5 liters and FEV, less than 1.5 liters are not 
compatible with active life. 


Since the successful one-stage pneumonectomy 
by Evarts Graham in 1932 [1], operative re- 
section has been the treatment of choice for 
bronchogenic carcinoma. A major factor in 
determining the operability of a patient is the 
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assessment of predicted residual pulmonary 
function following resection. Considerable dis- 
cussion has appeared in the literature regarding 
the minimal standard of pulmonary function 
compatible with life. Another important con- 
sideration is the patient's functional status after 
pulmonary resection. 

The purpose of this report is to establish cri- 
teria of pulmonary function that would predict 
the functional status of a patient following 
pneumonectomy for bronchogenic carcinoma. 
Many sophisticated methods of studying pul- 
monary function are available. This group of 
patients was evaluated with standard spi- 
rometry function tests and, in 2 patients, by 
quantitative ventilation/perfusion lung scans. 
These studies are widely available and mini- 
mally invasive, and are reliable measurements 
of pulmonary function [2-6]. 


Material and Methods 

Twenty-five patients underwent pneumonec- 
tomy for bronchogenic carcinoma at the Nash- 
ville Veterans Administration Hospital during 
a 28-month period from November, 1977, to 
March, 1980. Standard pulmonary function 
tests were used to evaluate 21 of these patients 
before and after the operative procedure. 
The interval between operation and postop- 
erative testing ranged from 2 to 33 months 
(mean, 12.4 months). Each of the 21 patients 
was individually interviewed and examined by 
one of us (E. J. D.) during the postoperative pe- 
riod. Four patients died of the disease and did 
not undergo postoperative testing. Two se- 
lected patients with borderline spirometry re- 
sults underwent computer-analyzed techne- 
tium lung scans to separate functional from 
nonfunctional lung tissue. Chest roentgen- 
ograms in these patients revealed whole-lung 
atelectasis or partial collapse in the face of 
borderline spirometry studies. Of the 21 pa- 
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Table 1. Results of Spirometry: Right versus Left Pneumonectomy 


Right Pneumonectomy 





FVC FEV, 

Postop/ Postop/ 
Patient FVC FVC FEV, FEV, 
No. Preop (% loss) Preop (% loss) 
1 0.723 0.277 0.706 0.294 
2 0.573 0.427 0.552 0.448 
3 0.615 0.385 0.590 0.410 
4 0.686 0.314 0.764 0.236 
5 0.449 0.551 0.450 0.550 
6 0.587 0.413 0.619 0.381 
7 0.481 0.519 0.483 0.517 
8 0.504 0.496 0.603 0.397 
9 0.650 0.350 0.620 0.380 

Mean 0.585 0.415 0.598 0.402 


Left Pneumonectomy 


FVC FEV, 

Postop/ Postop/ 
Patient FVC FVC FEV, FEV, 
No. Preop (% loss) Preop  (% loss) 
10 0.700 0.300 0.700 0.300 
11 0.517 0.483 0.557 0.443 
12 0.574 0.426 0.488 0.512 
13 0.683 0.317 0.602 0.398 
14 0.445 0.555 0.461 0.539 
15 0.956 0.044 0.832 0.168 
16 0.476 0.524 0.336 0.664 
17 0.844 0.156 0.645 0.355 
18 0.728 0.272 0.731 0.269 
19 0.614 0.386 0.723 ` 0.277 
20 ` 0.792 0.208 0.655 0.345 
21 0.585 0.415 0.673 0.327 

Mean 0.660 0.340 0.617 0.383 


FVC = forced vital capacity; FEV, = forced expiratory volume in one second. 


tients studied before and after operation, 9 
underwent right pneumonectomy and 12 had a 
left pneumonectomy. 

Functional loss of pulmonary capacity after 
pneumonectomy was based on analysis of pre- 
operative and postoperative forced vital capac- 
ity (FVC) and the initial-second forced expi- 
ratory volume (FEV,) (Table 1). Functional 
loss was expressed by each of the indices ac- 
cording to the following formulas: 


1 — FVC (postop)/FVC (preop) 
1 — FEV, (postop)/FEV, (preop) 


The preoperative and postoperative func- 
tional status of each patient was defined by the 
New York Heart Association (NYHA) criteria 
[7]. Each of the 21 patients evaluated before and 
after pneumonectomy was assigned a NYHA 
Class level during each period. 


Results 

One of the 25 patients died in the postoperative 
period, for an operative mortality of 4%. For the 
21 patients evaluated by standard pulmonary 
function tests, mean functional loss in pulmo- 
nary capacity as expressed by FVC was 41.5% 


after right pneumonectomy and 34.0% after left 
pneumonectomy. Mean functional loss as ex- 
pressed by FEV, was 40.2% after right pneu- 
monectomy and 38.3% after left pneumonec- 
tomy (see Table 1). 

Nineteen of the 21 patients were in Class I or 
II preoperatively. Postoperatively 10 patients 
were in Class I or II, and 11 were in Class III or 
IV. 

Five of the patients in Class I or II postopera- 
tively had a right pneumonectomy and 5, a left 
pneumonectomy. Four patients in Class II or 
IV postoperatively had a right pneumonectomy 
and 7, a left pneumonectomy: 

Mean values of FVC and FEV, before and 
after the operative procedure were compared 
between patients in Functional Class I or II 
postoperatively and those in Class III or IV 
postoperatively (Tables 2, 3). Mean functional 
loss as expressed by FVC and FEV, was 35.9% 
and 37.8%, respectively, for the Class I or II pa- 
tients, and 41.3% and 40.5%, respectively, for 
the Class IN or IV group. 

At the time of this study, 2 of the 11 patients 
in Class III or IV were limited primarily by re- 
current disease. If these patients are excluded, 
the mean FVC is 2.02 liters and the mean FEV, 
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Table 2. Correlation of Preoperative Pulmonary Function Studies with 
Postoperative NYHA Classification of 21 Patients 











NYHA Class I-II NYHA Class II-IV 
(N = 10) (N = 11) 
Patient FVC FEV, Patient FVC FEV, 
No.? (liters) (liters) No.8 (liters) (liters) 
9 4.05 2.31 21 3.59 1.59 
19 3.60 2.02 20° 2.47 1.14 
17 3.02 2.42 8 3.73 2.04 
4 3.50 2.03 18° 3.57 2.12 
3 4.13 2.29 16° 4.18 2.80 
2 4.03 2.88 6 2.93 1.55 
12 4.25 3.03 5 3.81 2.82 
11 4.89 2.80 15° 2.64 1.38 
1 3.50 2.35 14 3.86 2.67 
10 4.50 1.98 13 3.34 1.86 
7 4.51 2.61 
Mean 3.95 2.41 Mean 3.51 2.05 


aPatient numbers correspond to those in Table 1. 
bPatients in NYHA Class II or IV preoperatively. 
‘Patient limited primarily by recurrent disease. 


NYHA = New York Heart Association; FVC = forced vital capacity; FEV, = forced expiratory volume in one second. 


Table 3. Correlation of Postoperative Pulmonary Function Studies with 
Postoperative NYHA Classification of 21 Patients 








NYHA Class I or Il NYHA Class IMI or IV 
(N = 10) (N = 11) 

Patient FVC FEV, Patient FVC FEV, 
No.? (liters) (liters) No.? (liters) (liters) 

9 2.63 1.43 21 2.10 1.07 
19 2.21 1.46 20° 2.43 1.12 
17 2.55 1.56 8 1.88 1.23 

4 2.40 1.55 18° 2.60 1.55 

3 2.54 1.35 16° 1.99 0.94 

2 2.31 1.59 7 2.17 1.26 
12 2.44 1.48 6 1.72 0.96 
11 2.53 1.56 5 1.71 1.27 

1 2.53 1.66 15° i 2.16 0.79 
10 3.15 1.39 14 1.72 1.23 

13 2.28 1.12 
Mean 2.53 1.50 Mean 2.06 1.22 


*Patient numbers correspond to those in Table 1. 
Patients in NYHA Class II or IV postoperatively. 
‘Patient limited primarily by recurrent disease. 


NYHA = New York Heart Association; FVC = forced vital capacity; FEV, = forced expiratory volume in one second. 
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is 1.11 liters for that group. The 2 patients, both 
of whom had lobar or total-lung atelectasis, 
underwent quantitative scans and had accurate 
prediction of functional loss from the quantita- 
tive scans. 


Comment 

A significant number of patients with bron- 
chogenic carcinoma have diminished pulmo- 
nary function secondary to the neoplasm or be- 
cause of concomitant obstructive pulmonary 
disease [2]. If a patient is an operative candi- 
date, the extent of pulmonary resection neces- 
sary to accomplish complete extirpation of 
tumor may be difficult to predict. Therefore, it 
is appropriate to evaluate the preoperative 
pulmonary function with guidelines that in- 
clude consideration of the patient’s candidacy 
for pneumonectomy [4, 8]. 

The literature includes many reports listing 
criteria of pulmonary function that define oper- 
ative risk for pneumonectomy. Some of the 
more reliable guidelines used to indicate insuf- 
ficient pulmonary reserve for pneumonectomy 
are the following: (1) resting hypercapnia, par- 
tial pressure of carbon dioxide of greater than 
45 mm Hg; (2) resting hypoxemia, partial pres- 
sure of oxygen of less than 50 mm Hg; (3) FEV, 
less than 2 liters, FVC less than 2 liters, or 
maximal voluntary ventilation of less than 50% 
of predicted; and (4) FEV, less than 800 ml as a 
calculated postoperative value predicted by 
preoperative spirometry and quantitative lung 
scan [3, 5, 9]. 

The important issue in the assessment of a 


patient for pneumonectomy is the capacity of 


the contralateral lung to sustain adequate pul- 
monary function. “Split” function studies were 
designed to differentiate right from left lung 
function [4]. This information can be provided 
with xenon 133 radiospirometry, temporary uni- 
lateral balloon occlusion tests, and differential 
bronchospirometry [10, 11]. However, these 
studies are not available in many medical cen- 
ters. A more commonly used and less invasive 
modality is the ventilation/perfusion lung scan 
[12]. Olsen and colleagues [5] have shown that 
pulmonary function can be fractionated by 
quantitative analysis of a technetium 99 perfu- 


sion scan with a scintillation counter. Their 
data [5] from 13 patients indicate that pulmo- 
nary function after pneumonectomy can be ac- 
curately predicted by combining preoperative 
spirometry tests with lung scan [13]. 

The purpose of this study was to attempt to 
predict the postoperative functional status in 
candidates for pneumonectomy. Since FVC and 
FEV, are well-accepted, reliable indices for 
measurement of pulmonary function, these 
criteria were selected for evaluation of pulmo- 
nary capacity before and after pneumonectomy, 
and the changes in the functional status of each 
patient were then compared. 

Interestingly, analysis of Table 2 indicates 
that data from preoperative spirometry testing 
alone are insufficient for an accurate prediction 
of postoperative functional status. The reason 
for this is the failure of routine spirometry 
testing to account for differential lung function 
along with the inability of spirometry to predict 
limitations in life-style with borderline post- 
operative pulmonary capacity. 

Although only 2 patients with borderline 
spirometry studies underwent ventilation/ 
perfusion scans, it is our current opinion that 
the combination of preoperative spirometry in- 
dices with quantitative lung scans allows a pre- 
diction of postoperative pulmonary capacity 
that more accurately reflects postoperative 
functional status, as shown in Table 3. This in- 
formation is particularly helpful, since the 
majority of patients with bronchogenic car- 
cinoma have chronic obstructive pulmonary 
disease of varying distribution and severity. 
Another important consideration that illus- 
trates the need for “split” pulmonary function 
is the amount of atelectasis of the lung involved 
with tumor, which can occur to varying degrees 
up to total collapse or “autopneumonectomy.” 

In summary, these data demonstrate that 
pneumonectomy results in a 35 to 40% loss of 
pulmonary capacity without distinction be- 
tween right or left side. Postoperative FVC re- 
sults of less than 2.5 liters and FEV, findings of 
less than 1.5 liters are not compatible with 
active life. Finally, preoperative spirometry 
testing alone does not provide sufficient in- 
formation to accurately predict postoperative 
functional status following pneumonectomy. 


180 The Annals of Thoracic Surgery Vol 34 No 2 August 1982 


References 

1. Graham EA, Singer JJ: Successful removal of an 
entire lung for carcinoma of the bronchus. JAMA 
101:1371, 1933 

2. Ali MK, Mountain CF, Ewer MS, et al: Predicting 
loss of pulmonary function after pulmonary 
resection for bronchogenic carcinoma. Chest 

_-77:337, 1980 

3. Boushy SF, Billig DM, North LB, et al: Clinical 
course related to preoperative and postoperative 
pulmonary function in patients with bron- 
chogenic carcinoma. Chest 59:4, 1971 

4. Boysen PG: Pulmonary resection and postopera- 
tive pulmonary function. Chest 77:718, 1980 

5. Olsen GN, Block AJ, Tobias JA: Prediction of 
postpneumonectomy pulmonary function using 
quantitative macroaggregate lung scanning. 
Chest 66:13, 1974 

6. Olsen GN, Block AJ, Swenson EW, et al: Pulmo- 
nary function evaluation of the lung resection 
candidate: a prospective study. Am Rev Respir 
Dis 111:379, 1975 


7. Hurst JW, Logue RB (eds): The Heart. Third edi- 
tion, New York, McGraw, 1974 
8. Van Nostrand D, Kjelsberg MO, Humphrey EW: 
Preresectional evaluation of risk from pneu- 
monectomy. Surg Gynecol Obstet 107:306, 
1968 
9. Kirsh MM, Rotman H, Bove E, et al: Major pul- 
monary resection for bronchogenic carcinoma in 
the elderly. Ann Thorac Surg 22:369, 1976 
10. Kristersson S, Lindell SE, Svanberg L: Prediction 
of pulmonary function loss due to pneumonec- 
tomy using ‘*xenon-radiospirometry. Chest 
62:694, 1972 
11. Ali MK, Mountain CF, Miller JM, et al: Regional 
pulmonary function before and after pneu- 
monectomy using "xenon. Chest 68:288, 
1975 
12. Lipscomb DJ, Pride NB: Ventilation and perfu- 
sion scans in the preoperative assessment of 
bronchial carcinoma. Thorax 32:720, 1977 
13. Reichel J: Assessment of operative risk of 
pneumonectomy. Chest 62:570, 1972 


Notice from the American Board of Thoracic Surgery 


The Part I (written) examination will be held at 
the Amfac Hotel, Dallas/Fort Worth Airport, 
Dallas, TX, in January, 1984. The closing date 
for registration is August 1, 1983. 

To be admissible for the Part II (oral) exam- 
ination, a candidate must have successfully 
completed the Part I (written) examination. 


A candidate applying for admission to the 
certifying examination must fulfill all the re- 
quirements for the Board at the time the appli- 
cation is received. 

Please address all communications to the 
American Board of Thoracic Surgery, 14640 E 
Seven Mile Rd, Detroit, MI 48205. 
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Headef sioserivssssnecia Biologically compatible epoxy 
Suture Hole Plug ......... Medical grade silicone rubber 
Screw Caps ...sscckseocedewevdnevaee Acetal polymer 
Dimensions ...........0500seee ees 6.0 x 4.7 x 1.14 cm 
Welt a icicsecs aks sonadone Gataprvesastoabees 68g 
Elective Replacement Indicator ............ A drop of 
approximately 7 ppm 
from the beginning-of-service 
Power Cell Voltage (Available......... A decline from 2.8 
via telemetry) to 2.2 volts 


‘using a 40 msec haversine (sine?) test pulse. 

measured when pacing into a 500-ohm load at 72 ppm and a pulse width of 0.61 
msec (atrial and ventricular outputs). 

if the pulse generator has been programmed to a rate greater than 90 ppm, it will 
pace at the programmed rate. 

the model 263-01 has a small protrusion on each side of the connector portion 
of the pulse generator. The width of the pulse generator at this point is 1.4 cm. 


AVIUS is a trademark of Intermedics, Inc. 
©Intermedics, Inc., February 1982 
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Intermedics, Inc. 

P.O. Box 617 

Freeport, TX 77541 

Toll free: 800/231-2330 
Texas: 800/392-3726 
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©lIntermedics, Inc., 1982 


INDICATIONS FOR USE: Implantable cardiac pulse generators may be indicated for long-term 
treatment of impulse formation or conduction disorders resulting in symptomatic bradyar- 
rhythmias, tachyarrhythmias, and heart block unresponsive to drug therapy. 

A-V sequential pacing is specifically indicated for treatment of conduction disorders that 
require restoration of both rate and atrio-ventricular synchrony. A-V sequential pacing may 
also be indicated for patients with extensive myocardial infarction with A-V block and sinus 
bradycardia. 


CONTRAINDICATIONS AND SIDE EFFECTS: There are no known contraindications to the 
use of pacemakers as a medical method for control of heart rate. Body rejection phenomena, 
local tissue reaction or skin necrosis, muscle and nerve stimulation, embolism, and cardiac 
tamponade have been reported. 


PRECAUTIONS: See the “Cautionary Notes” section of the Physicians’ Manual for the Inter- 
medics cardiac pulse generator to be implanted. Discussion includes Possible Complications, 
Environmental Hazards (electrocautery, diathermy, defibrillation, therapeutic radiation, home 
appliances, and industrial and special environments), and Effects of Drugs. 








Upper Extremity Neuropathies 
Following Median Sternotomy 


J. E. Morin, M.D., R. Long, M.D., 
M. G. Elleker, M.D., A. A. Eisen, M.D., 


E. Wynands, M.D., and S. Ralphs-Thibodeau, R.N. 


ABSTRACT The status of 958 patients who under- 
went median sternotomy between January, 1978, and 
May, 1981, was analyzed. Fifty-four patients had an 
upper extremity neuropathy. Among 38 patients who 
underwent further evaluation, motor and sensory 
nerve conduction studies localized the injury to the 
level of the elbow in 13, to the brachial plexus in 10, 
and to both locations in 6. Ninety-two percent of 
these 38 patients were asymptomatic 3 months after 
operation. 


Neuropathies of the upper extremities, most 
commonly seen as sensory and motor symp- 
toms confined to the distribution of the ulnar 
nerve, are a recognized complication of median 
sternotomy [1-6]. Because the precise location 
of the responsible lesions is uncertain, a unified 
concept of the underlying pathophysiology has 
not been formulated. In an effort to document 
the incidence, clinical manifestations, anatomi- 
cal location, and outcome of this complication, 
we have reviewed our experience since 1978. 


Material and Methods 

We reviewed the cases of 958 consecutive pa- 
tients who underwent a median sternotomy in- 
cision for open-heart operation between 
January, 1978, and May, 1981. All patients in 
whom a postoperative upper extremity neurop- 
athy was identified were examined and fol- 
lowed. Consenting patients with symptoms 
suggestive of upper extremity neuropathy 
underwent appropriate studies of peripheral 
sensory nerve action potential and motor nerve 
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conduction, somatosensory evoked response, F 
wave, and electromyography, as previously de- 
scribed [7-9]. 


Results 

Of 958 consecutive patients examined, 54 had a 
postoperative neuropathy (6%). Among these 
54 patients, the mean age was 56.7 years. Fifty 
of them were men (93%), and 4 were women 
(7%). The surgical procedures that required 
median sternotomy incision included aorto- 
coronary bypass grafts in 41 patients (76%), 
valvular replacements in 7 (13%), and com- 
bined procedures in 6 (11%). 

Thirty-eight patients consented to further 
evaluation by nerve conduction studies. The 
presenting symptoms were multiple and in- 
cluded paresthesia in 33 patients (87%), loss of 
function in 13 (34%), weakness in 12 (32%), 
pain in 10 (26%), and other miscellaneous 
manifestations in 5 (13%). 

A detailed analysis of nerve conduction was 
possible in 35 patients. Results for 3 patients 
were discarded because of a change in tech- 
nique. An ulnar neuropathy localized to the 
elbow was found in 13 patients, a finding based 
on an abnormal result of sensory nerve action - 
potential study or motor conduction study or 
both. A neuropathy localized to the lower trunk 
or medial cord of the brachial plexus was found 
in 10 patients, this finding based on a normal 
sensory nerve action potential but an abnor- 
mal somatosensory evoked potential (Figure). 
Based on these same results in conjunction 
with appropriate F wave, motor conduction, 
and electromyographic findings, a neuropathy 
localized to both the lower trunk and medial 
cord of the brachial plexus (double crush) was 
found in 6 patients. The results were inconclu- 
sive but abnormal in 4 patients and normal in 2. 

In 20 patients, the side of the neuropathy was 
compared with the position of both the arm, 


181 0003-4975/82/080181-05$01.25 © 1982 by The Society of Thoracic Surgeons 


182 The Annals of Thoracic Surgery Vol 34 No 2 August 1982 


5.Opv 


Left Ulnar 


t 


57.1 m/sec 








Right Ulnar 





454.1 m/sec 


SNAP 


Representative nerve conduction studies. In 10 patients, 
a neuropathy localized to the lower trunk or medial cord 
of the brachial plexus was revealed by a normal sensory 
nerve action potential (SNAP) on both sides, with an 
abnormal somatosensory evoked potential (SEP) on the 
left side, as shown in the diagram. 


i.e., extended at 90 degrees, and the monitoring 
intravascular lines. With a radial artery line, the 
injury was on the same side as the extended 
arm in 6 patients and on the opposite side in 
14. The lesion was on the same side as the 
internal jugular central venous line in 10 pa- 
tients and on the opposite side in 10. 

All 38 patients who consented to further 
evaluation were followed. Three months after 
operation, 35 acknowledged complete resolu- 


tion of symptoms, 2 considered their condition. 


improved, and 1 thought his position was un- 
changed. 


Comment 

Conventional nerve conduction studies may 
provide firm evidence of peripheral nerve en- 
trapments or compression, but they provide 
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40.9 msec 






+ 32.5 msec 


SEP 


little information about proximal nerve lesions 
either at the level of the plexus or root. The 
anatomical pattern of denervative changes in 
particular limb muscles may lead the elec- 
tromyographer to infer the presence of root or 
plexus lesions but can provide no direct infor- 
mation in the absence of denervation. With the 
development of somatosensory evoked poten- 
tial techniques [9, 10], conduction through the 
proximal peripheral nervous system can be as- 
sessed. These techniques have proved particu- 
larly valuable when the clinical syndrome is 
limited to sensory changes without weakness or 
atrophy. Electrical stimuli, applied to cutaneous 
sensory nerves and conveyed centrally through 
identified peripheral nerves, parts of the bra- 
chial plexus, and cervical roots, evoke responses 
that can be recorded from skin overlying Erb’s 
point, cervical spinotis processes, or somato- 
sensory cortex. Amplification and averaging 
techniques are necessary to enable the extrac- 
tion of the evoked potential from ongoing elec- 
trical activity in the spinal cord or cerebral cor- 
tex. The somatosensory evoked potential is 
displayed as a waveform of characteristic mor- 
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phology. The component peaks of this wave- 
form occur at characteristic time intervals after 
the onset of the peripherally applied stimulus 
and are considered abnormal if the morphol- 
ogy is disorganized or if the interval after the 
stimulus onset (latency) is prolonged. 

Nerve conduction studies are performed 
simultaneously over the same peripheral nerve, 
allowing comparison of peripheral and central 
somatosensory conduction. Since cell bodies of 
peripheral sensory axons lie in the dorsal root 
ganglia, lesions that are peripheral to the dorsal 
root ganglia (plexus or peripheral nerve) may 
cause “downstream” conduction abnormalities 
if the lesions lead to interference with axonal 
transport or actual breakdown of axons (walle- 
rian degeneration). On the other hand, if the 
lesion is between the dorsal root ganglia and 
the spinal cord, peripheral sensory conduction 
will be unaffected, while somatosensory 
evoked potentials may be markedly abnormal. 
Lesions that cause only local demyelination in 
the plexus do not cause downstream conduc- 
tion abnormalities but may be associated with 
abnormal somatosensory potentials. 

The median sternotomy incision has become 
the most commonly used approach for open- 
heart operations since it was popularized by 
Julian and associates [11] in 1957. At one time a 
significant morbidity was associated with it [5], 
but now most of these difficulties are routinely 
avoided. Postoperative ulnar neuropathy [4] 
has been recognized for a long time, and its 
mechanism of compression of the ulnar nerve at 
the elbow under the aponeurosis connecting 
the two heads of flexor carpi and flexor ulnaris 
has been studied [12]. 

Neuropathy of the upper extremity has been 
documented in association with a variety of 
interventions other than a median sternotomy 
incision [2, 13]. Honet and co-workers [2] re- 
ported the case of 1 patient, in a series of 7, who 
lost the radial pulse preoperatively as a result of 
catheterization and in whom symptoms of neu- 
ropathy started to develop at that time, imply- 
ing an ischemic contribution. Kirsh and as- 
sociates [3] demonstrated the stretching effect 
of sternal opening on the brachial plexus. They 
believe that the plexus, being fixed medially at 
the transverse process and laterally by the axil- 


lary fascia, is unable to compensate for the 
stretching caused by tenting the nerve over the 
displaced first rib. 

Vander Salm and colleagues [6] studied the 
influence of arm position as a possible me- 
chanical factor leading to this injury, but could 
not find a correlation in two groups of patients 
with the arm either abducted at 90 degrees or 
positioned at the side. In our series, we, too, 
could find no relationship between arm posi- 
tion and side of the injury. Vander Salm and 
colleagues [6] also demonstrated the grave con- 
sequence of first rib fracture, also directly re- 
lated to splitting of the sternum. The sharp end 
of the fractured rib can easily traumatize the 
plexus. These authors advocated a low position 
of the sternal retractor with limited opening as 
the most valuable preventive measure at the 
present time. No specific treatment will favor- 
ably influence the speed and quality of nerve 
regeneration, and the value of galvanic muscle 
stimulation during the recovery period remains 
controversial [14]. 

To study the pathogenesis of postoperative 
neuropathy, the exact location of the injury 
must be known. In the past, poor specificity of 
segmental stimulation and difficulty in record- 
ing from proximal structures posed problems in 
the study of radiculopathies and plexopathies. 
Peripheral axons are critically dependent for 
their function on a continuous supply of sub- 
strates and enzymes transported distally by ac- 
tive mechanisms from the cell bodies lying 
within the dorsal root ganglia or central ner- 
vous system. Axonal transport is bidirectional 
but is very much like a stream, in that trans- 
ported substances can be dammed up behind a 
compressive lesion. Two relatively minor le- 
sions, one proximal and one distal, neither of 
which by itself is sufficient to block axoplasmic 
transport below a critical level, may combine to 
produce a significant clinical deficit. A mild 
subclinical cubital tunnel entrapment may be 
converted into a clinically severe ulnar neurop- 
athy by a minor traction injury to the lower 
trunk of the brachial plexus during median 
sternotomy. This has been referred to as the 
“double-crush” hypothesis [15]. 

It is likely that this double-crush mechanism 
was operative in those of our patients who 
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showed abnormalities of sensory conduction 
across the elbow as well as more marked ab- 
normalities in somatosensory evoked poten- 
tials. Preoperative nerve conduction studies 
may demonstrate subclinical ulnar neurop- 
athies, which may be converted into frank 
clinical neuropathies at the time of sternot- 
omy. The infrequency of this complication 
would appear to make routine preoperative as- 
sessments cost-ineffective, although we were 
able to document such a subclinical compres- 
sion at the elbow in 1 of our patients. 

Patients with a subclinical ulnar neuropathy 
may represent part of the asymptomatic group 
reported by Honet and colleagues [2]. The 
manifestation after cardiac operation may be 
related to subtle position changes, hypoperfu- 
sion, ischemia, or a combination of factors, 
especially in patients in whom a direct injury is 
not evident. 

This study tends to support the findings of 
other groups. Upper extremity neuropathy after 
a sternum-splitting incision in cardiac opera- 
tions is caused by many factors. The most 
common lesions are compression at the elbow, 
brachial plexus injury, or a combination of the 
two. Somatosensory evoked response studies, 
in conjunction with other more conventional 
electrodiagnostic techniques, are currently the 
most precise means of investigating these le- 
sions. The course of this injury is fairly benign, 
and the vast majority of patients in our study 
were asymptomatic 3 months after operation. 
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Discussion 

DR. JOHANN L. EHRENHAFT (lowa City, IA): The me- 
dian sternotomy incision is the routine approach for 
most cardiac operative procedures today. All of us 
have seen patients with the problems discussed by 
Dr. Morin. He and his colleagues noted a 6% inci- 
dence of neurological upper extremity symptoms in a 
series of about 950 patients. I do not know what the 
incidence of neuropathies is in other institutions, 
but my associates and I have seen this problem on 
occasion. Some of the complaints of numbness or 
paresthesias are often overlooked or minimized. 
Until a few years ago, we were in the habit of placing 
some folded sheets between the shoulder blades to 
elevate the chest anteriorly; the incidence of upper 
arm neuropathy was quite frequent. Since that prac- 
tice was discontinued, an upper arm neuropathy has 
become a rare occurrence. 

The very thorough studies carried out by Dr. 
Morin and his group show that slow conduction 
findings by sensory nerve action potential or motor 
conduction studies at the elbow and at the wrists are 
coincidental findings in patients who may be only 
transiently symptomatic or not symptomatic at all. 
Sometimes those neuropathies may have to do with 
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the position of the patient on the operating table. 
Lower brachial plexus injuries tested by a combina- 
tion of sensory nerve action potential studies, 
somatosensory evoked responses, F wave analysis, 
and electromyographic studies have localized the 
neuropathy to the lower trunk or the medial cord of 
the brachial plexus. This important injury related to 
operation is at the brachial plexus level, and these 
tests would substantiate the presence of such dys- 
function even in asymptomatic patients, which was 
not addressed in this paper. In symptomatic patients 
who have undergone median sternotomy, the most 
likely site is the injury incurred to the lower trunk or 
the medial cord of the brachial plexus, either by 
compression, ischemic changes of the plexus, or 
fracture of the first rib. If Horner’s syndrome is also 
present, a more extensive and a more proximal site of 
injury must have occurred, and may well be asso- 
ciated with a first rib fracture. 

In our experience we have seen no associated arte- 
rial or venous injuries in such patients. The symp- 
toms were purely neurological, usually involving the 
eighth cervical and first thoracic level. 

There are undoubtedly multiple factors at 
work—the age and sex of the patient, the body build, 
the type of sternal retractors, the position of the re- 
tractors at the time of separation of the sternal halves, 
and the extent to which the halves are opened. Sym- 
metrical versus asymmetrical division of the sternum 
may be important. For this reason, slow, careful sep- 
aration of the sternal halves—only to a point of ade- 
quate exposure of the heart with the blades in the 
middle portion of the stermnum—may prevent some 
of the problems. In our opinion, and we agree with 
the authors, the mechanism of production of the neu- 
ropathy is a pincer effect between the first rib and the 
clavicle, which makes the lower trunk and the medial 
cord of the brachial plexus the most vulnerable site. 
This, in turn, expresses itself in sensory changes of 
the ulnar pattern in the forearm and hand, and in 


dysfunction of fine motions of the intrinsic hand 
musculature. 


DR. JOSHUA D. SALVADOR (Chicago, IL): My associates 
and I have seen this syndrome too. We think that the 
mechanism is not related to the position of the pa- 
tient on the table, but rather to the degree of retrac- 
tion on the sternum. When we used a large retractor, 
which holds back the manubrium as well as the body 
of the sternum, we found this syndrome to be com- 
mon. When we used a smaller retractor, which re- 
tracts only the body of the sternum in a V-shaped 
manner, we noted that the syndrome was not very 
common. We also have found that the syndrome oc- 
curs more frequently in male patients (5 or 6%). 

In our experience, the syndrome has not resolved 
after 3 months. In some patients, it was persistent 
and responded very well to transaxillary resection of 
the first rib, which took the pressure away from the 
brachial plexus. We think that retraction of the ster- 
num creates a thoracic outlet syndrome, which is re- 
sponsible for this condition. 


DR. MORIN: I thank Dr. Ehrenhaft and Dr. Salvador for 
their comments. We obviously obtained much more 
information during this study than we had antici- 
pated in 1978 when it was begun. We now believe 
that a certain segment of the population has border- 
line cubital tunnel or borderline thoracic outlet syn- 
drome and that it can be induced in these patients by 
a sternotomy. In addition, it is quite possible that the 
nerve, like any other organ, can suffer from either 
hypoperfusion or lack of pulsatile flow during an 
open-heart operation and that a borderline condition 
becomes manifest under these conditions. 

Finally, nerves that have minor injuries at many 
levels can show the “double-crush” syndrome. In- 
juries in sequence on a nerve are additive. If one le- 
sion can be asymptomatic, the addition of two can 
produce symptoms. 


CASE REPORTS 


Pseudoaneurysm of the Thoracic Aorta: 
A Late Complication of Umbilical Artery Catheterization 


Michael L. Wynn, M.D., Marshall Rowen, M.D., Ralph W. Rucker, M.D., 
Donald R. Sperling, M.D., and Alan B. Gazzaniga, M.D. 


ABSTRACT Pseudoaneurysm of the thoracic aorta 
developed in an infant eight months following 
neonatal catheterization of the umbilical artery. In- 
fection and placement of a stiff polyvinyl chloride 
catheter in the thoracic aorta appear to be the 
etiological factors. Preoperative diagnosis was poste- 
rior mediastinal tumor, and pseudoaneurysm was 
not included in the differential. Dacron graft patch 
angioplasty repair using partial cardiopulmonary 
bypass was successful. Postoperatively the patient 
has done well with no pressure gradient. Pseudo- 
aneurysm should be suspected whenever a medi- 
astinal mass appears in children who have had 
thoracic placement of umbilical artery catheters. 


Catheterization of the umbilical artery in the 
neonate has been in widespread use since the 
middle 1960s. Complications such as throm- 
bosis, infection, hemorrhage, and more re- 
cently, arteritis and pseudoaneurysm, have 
been reported [1-7]. In the present patient, 
pseudoaneurysm of the descending thoracic 
aorta developed eight months following place- 
ment of an umbilical artery catheter. 


An 8-month-old white male infant was seen 
with a two-day history of wheezing following 
an episode of coughing and choking while eat- 
ing an orange. The mother stated that the child 
had had similar symptoms intermittently dur- 
ing the prior month. History revealed an infant 
of 34 weeks’ gestation, delivery by cesarean 
section because of maternal eclampsia, and a 
birth weight of 2,030 gm. At birth the Apgar 
score was nine at both one and five minutes. 
However, episodes of hyperventilation and 
cyanosis required endotracheal intubation and 
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ventilator support with 50% oxygen for five 
days. An umbilical artery catheter was placed at 
the eighth thoracic level (Fig 1). Seven days 
after admission to the neonatal unit, the patient 
became febrile and irritable, and erythematous 
lesions developed over the tibia and scrotum. 
He was treated with intravenous administra- 
tion of nafcillin and gentamicin. Subsequent 
blood cultures grew coagulase-positive Staphy- 
lococcus aureus organisms. The umbilical artery 
catheter was removed, and recovery was un- 
eventful. 

On admission when the patient was 8 
months of age, physical examination revealed 
an active and alert baby with minimal respira- 
tory symptoms. Decreased breath sounds in the 
left chest and wheezes over the left anterior 
chest were noted. Chest roentgenogram dem- 
onstrated a large mass in the left posterior chest 
(Fig 2). The most likely diagnostic possibilities 
of posterior mediastinal mass included neu- 
rogenic tumor, bronchogenic cyst, and esoph- 
ageal duplication. A barium swallow showed 
an extrinsic mass compressing the esophagus. 

Operative intervention was undertaken. 
Through a left thoracotomy incision, a large ret- 
romediastinal lesion was identified. It was 
pulsatile and consistent with a vascular abnor- 
mality. The mass was adherent to the lung and 
surrounding structures. The thoracotomy inci- 
sion was closed and the patient taken to the 
Radiology Department for aortography, which 
demonstrated an aneurysm of the descending 
thoracic aorta (Fig 3). The child was returned to 
the operating room. Through a left thoracotomy 
incision, proximal and distal control of the aorta 
was obtained. The left iliac artery and vein were 
cannulated, and during partial cardiopulmo- 
nary bypass, the pseudoaneurysm was re- 
sected. The aneurysmal sac had to be dissected 
from the lung and surrounding mediastinal 
structures. At the base of the pseudoaneurysm, 
the posterior wall of the aorta appeared intact 
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Fig 1. Roentgenogram of the chest and abdomen during 
neonatal period demonstrated an umbilical arterial 
catheter (arrow) extending to the descending thoracic 
aorta at the eighth thoracic level. This is the exact site 
of the subsequent development of a pseudoaneurysm 
eight months later. 





Fig 2. Roentgenogram of the chest made when the pa- 
tient was 8 months of age demonstrated a large left- 
sided mass lesion. This oriented to the posterior medias- 
tinum on the lateral view and was seen to compress the 
esophagus on barium swallow. No pulsation was noted 
at fluoroscopy. A transthoracic needle biopsy was con- 
sidered, but thought unnecessary. 


Fig 3. Thoracic aortogram was performed when a pul- 
satile mass was noted at operation. A large aneurysm 
was outlined, appearing broadly connected to th 
descending thoracic aorta. Metallic clips were placed 
between the left subclavian artery and the 
pseudoaneurysm. 


with both the proximal and distal lumen pres- 
ent. After the edge of the pseudoaneurysm had 
been trimmed away, a woven Dacron graft was 
sewn over the aorta using 5-0 Ethibond suture. 
Bypass lasted twenty-four minutes. 
Postoperatively the patient did well, and he 
was discharged eleven days after operation. On 
follow-up examination, he had a normal chest 
roentgenogram and excellent femoral pulses. 


Comment 

Development of a pseudoaneurysm in this pa- 
tient could have been related to two factors 
working either together or independently. 
First, staphylococcal septicemia developed fol- 
lowing insertion of an umbilical artery catheter, 
which was positioned in the descending aorta. 
The aortic wall probably became infected at the 
site of the catheter tip, thereby causing 
weakening and thinning of the arterial wall 
with development of a pseudoaneurysm [8]. 
Second, the catheter used was made of 
polyvinyl chloride and was stiff. The tip of the 
catheter probably caused localized trauma to 
the arterial wall, resulting in erosion and 
pseudoaneurysm. Thompson and co-workers 
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Summary of Data from Literature Survey 


























Body 
Age at weight 
Author Diagnosis (gm) Catheter Level Presentation 
THORACIC ANEURYSMS 
Rajs et al [16] 24d 1,590 Eighth thoracic Profuse 
hematemesis 
Faer and Taybi 2mo 1,000 Descending 
[17] thoracic aorta 
Faer and Taybi 514 mo 1,247 Lower thoracic Wheezing, re- 
[17] aorta spiratory dis- 
tress 
Spangler et al 5 mo 2,500 Thoracic aorta Hypertension 
[10] 
Marchal et al [18] 1,650 Thoracic aorta Abdominal 
distention 
Thompson et al 12d 2,550 Ninth thoracic Tachypnea 
[7] 
Thompson et al 2 mo 1,250 Eighth thoracic Asymptomatic 
[7] 
Wynn et al 8 mo 2,030 Eighth thoracic Wheezing, re- 
[this report] spiratory dis- 
; tress 
ABDOMINAL ANEURYSMS 
Mallory and 21⁄2 wk 2,400 Aorta (un- Abdominal mass 
Nichols [19] specified) 
Faer and Taybi 4 wk 750 Distal abdominal Asymptomatic 
[17] aorta 
ILIAC ANEURYSMS 
Fays and Bre- 3yr 2,100 Unspecified Pulsating ab- 
tague [20] dominal mass 
UNSPECIFIED 
Wigger et al [21] 3,000 Aorta (un- Asymptomatic 
specified) 


CAT = computerized axial tomographic; IVP = intravenous pyelogram; R/O = rule out. 


[7] reported that pseudoaneurysms associated 
with umbilical artery catheters developed at the 
level of the catheter tip. Whether this is due to 
turbulence at the catheter site or direct trauma 
secondary to catheter whip is not clear. In the 
animal model proposed by Krist and associates 


[9], a fibrous sheath developed in 5 of 7 animals 
and enveloped all but the distal few millimeters 
of the catheter, rendering it immobile. Pseu- 
doaneurysms developed in 4 of the 7 animals; 
three of these pseudoaneurysms were in the 
area of the catheter tip. Two of the remaining 3 
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Type of 
Diagnosis Made Aneurysm Treatment Outcome 
THORACIC ANEURYSMS 
Postmortem ex- False None Died 
amination 
Postmortem ex- None Died; secondary to 
amination prematurity 
Aortography None; observation Alive; no resection 
Aortography False (just distal Resected with inter- Did well for about 3 yr; 
to coarcta- posed 8 mm knitted then reoperation for 
tion) Dacron graft coarctation 
3 None Died; ruptured into left 
chest 
CAT scan, Saccular None Died; ruptured during 
postmortem CAT scan 
examination 
Mediastinal mass; Saccular Local bypass; resection Alive with anterior 
diagnosis at with ligation of 5 cord syndrome and 
thoracotomy pairs of intercostals; problems secondary 
5.5 cm long Teflon to prematurity and 
graft (6.25 cm maternal alcohol use 
diameter) interposed 
Mediastinal mass; Saccular Systemic bypass; re- Doing well 6 mo after 
diagnosis at section with Dacron operation without 
thoracotomy patch aortoplasty sequelae 
ABDOMINAL ANEURYSMS 
Mass on IVP; Saccular Resected; end-to-end Doing well without 
; explored for anastomosis sequelae related to 
\ abscess aneurysm 
Aortography (R/O Aortic Observation Died; secondary to 
mesenteric prematurity 
thrombosis) 
ILIAC ANEURYSMS 
Aortography False Resected with 2 cm Initially did well; no 
long interposed Da- long-term follow-up 
cron prosthesis 
UNSPECIFIED 


Postmortem ex- 
amination 


False (aortic) 





Ruptured into 
esophagus 





animals had “sclerotic patches” at the site of the 
catheter tip. 

Pseudoaneurysm following catheter place- 
ment has been demonstrated in the thoracic 
and abdominal aorta and in the iliac vessels. 
Most of the cases have been discovered at 


postmortem examination (Table). Our review of 
the literature revealed two instances in which 
the diagnosis was made antemortem, thereby 
allowing thoracic aortic repair. In 1 patient, the 
pseudoaneurysm developed distal to a coarcta- 
tion; this segment of the aorta was resected and 
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an interposition graft placed. The graft was 6 
mm in diameter and subsequently, as growth 
had taken place, another coarctation developed 
and graft replacement was necessary [10].* 

Long areas of narrowing of the thoracic aorta 
can be managed by use of autogenous tissue, 
such as subclavian patch angioplasty [11] or the 
use of Dacron prostheses [12]. Kirsh and col- 
leagues [13] reported the development of infec- 
tion and pseudoaneurysm following coarctation 
repair using Dacron material. At reoperation 
the Dacron material was removed and the sub- 
clavian artery used as a patch angioplasty. The 
infection cleared, and the patient was well four 
years later. 

In the patient discussed here, the pseudo- 
aneurysm developed at the midportion of the 
thoracic aorta and was too distant for subcla- 
vian patch angioplasty. The aortic wall was 
not infected at the time of repair, and patch 
angioplasty using Dacron material seemed rea- 
sonable. By leaving the posterior aspect of the 
aorta in place, it would be expected that that 
portion of the aorta would grow and further 
surgical intervention would not be required. In 
fact, the child’s body surface area has doubled 
since operation and he continues to have no 
pressure gradient from arm to leg. 

The use of Dacron material in the descending 
aorta in infants and children has been proposed 
by Reul and co-workers [14] for standard 
coarctation repair. The rationale is that the 
posterior wall of the aorta will continue to 
grow. The long-term fate of Dacron material in 
human beings is questionable, but probably 
satisfactory. A 1980 report by Bergdahl and 
Ljungqvist [12] indicated that Dacron is good 
material for patch angioplasty. However, they 
showed that aneurysm formation occurred op- 
posite the Dacron material after years of place- 
ment. They postulated that turbulent flow 
across the patch angioplasty site weakened the 
opposite native aortic wall with aneurysm for- 
mation. An additional problem with Dacron 
material is the weakening and destruction of 
the suture line with pseudoaneurysm forma- 
tion. Use of silk or monofilament suture may 
contribute to this complication, since silk can 


*D. G. Ritter, M.D.: Personal communication, 1981. 


degenerate and monofilament suture may not 
be incorporated in tissue. Braided, nonabsorb- 
able suture appears to be superior to either of 
the two previous sutures, since fibroblast in- 
growth in the suture will add to strength and 
durability. 

Resection of descending thoracic aortic 
aneurysms has been successfully performed for 
many years. Many centers have made various 
recommendations using support techniques 
during the clamping of the aorta. Shunts coated 
with heparin, no shunts at all, and heparin with 
venoarterial bypass have all been used. In this 
patient, venoarterial bypass using the iliac ar- 
tery and vein proved to be excellent support 
during the period of patch angioplasty. These 
vessels were of ample size and were easily 
cannulated with minimal dissection. Post- 
operatively there were no renal or spinal cord 
complications as a result of the procedure. 
Whether or not partial bypass is necessary in 
repair of descending aneurysms in children is 
not known, since so few procedures have been 
done. The coated shunt would be impossible to 
use because of the size of the patient’s blood 
vessels. Systemic heparinization in performing 
the procedures without the use of shunts runs 
the risk of visceral damage below the clamp if 
technical difficulties occur during the repair 
[15]. 

The diagnosis of thoracic pseudoaneurysm 
should be suspected whenever a neonate has 
had complications requiring the use of an um- 
bilical artery catheter positioned in the thoracic 
aorta. Because of the possibility of arterial dam- 
age and subsequent pseudoaneurysm, high 
placement of the catheter is not reco nded 
[7]. At one point in the diagnostic evaluauon of 
our patient, consideration was given to trans- 
thoracic needle biopsy of the lesion. After in- 
spection of the anatomical location of the 
pseudoaneurysm and the thickness of the wall, 
a needle biopsy would have undoubtedly been 
fatal. Because the preoperative diagnosis was a 
solid neoplasm of the posterior mediastinum, 
angiography was not thought necessary. How- 
ever, in retrospect, lesions in this region in a 
patient with a previous history of umbilical ar- 
tery catheterization should prompt arteriog- 
raphy as part of the preoperative workup. 
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Strut Fracture and Disc Embolization 
of a Bjérk-Shiley Mitral Valve Prosthesis: 
Localization of Embolized Disc by Computerized 


Axial Tomography 


Alberto J. Larrieu, M.D., Eduardo Puglia, M.D., and Peter Allen, M.D. 


ABSTRACT The case of a patient who survived strut 
fracture and embolization of a Bjérk-Shiley mitral 
prosthetic disc is presented. Prompt surgical treat- 
ment was directly responsible for survival. In addi- 
tion, computerized axial tomography of the abdo- 
men aided in localizing and retrieving the embolized 
disc, which was lodged at the origin of the superior 
mesenteric artery. A review of similar case reports 
from the literature supports our conclusions that the 
development of acute heart failure and absent or 
muffled prosthetic heart sounds in a patient with a 
Bjérk-Shiley prosthetic heart valve inserted prior to 
1978 should raise the possibility of valve dysfunc- 
tion and lead to early reoperation. 


One of the most dramatic and catastrophic 
complications of cardiac valve prostheses is 
embolization of a disc or ball occluder. The re- 
sulting acute heart failure is almost uniformly 
fatal unless prompt valve replacement is 
undertaken [1-6]. This report documents a suc- 
cessful emergency operation on a patient after 
embolization of the disc from a Bjérk-Shiley 
mitral prosthesis inserted 6 years previously. In 
addition, it demonstrates the use of com- 
puterized axial tomography as a noninvasive 
method of localizing the embolized disc prior to 
its retrieval. 


A 22-year-old man underwent replacement of 
the mitral valve with a Bjork-Shiley No. 31 mi- 
tral valve prosthesis in July, 1974. He was well 
during the ensuing 6 years. At 9 pm, on July 13, 
1980, he was seen in the emergency room com- 
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plaining of sudden precordial pain, dyspnea, 
and weakness. He was receiving no cardiac 
medication. Physical examination showed an 
agitated, restless young man, severely dyspneic 
and coughing blood-tinged sputum. Blood 
pressure was 90/70 mm Hg, and pulse was 
fast, faint, and weak at 140 beats per minute. 
Skin was pale, cool, and clammy. There was 
jugular venous distention to the angle of the 
mandible. Examination of the chest revealed 
coarse bilateral rales throughout both lung 
fields. Heart sounds were faint, and no murmur 
was heard. Electrocardiogram showed sinus 
tachycardia, and a chest roentgenogram con- 
firmed pulmonary edema. 

The patient's condition deteriorated rapidly 
despite adequate treatment with digoxin, fu- 
rosemide, morphine, and propranolol. Blood 
pressure fell to 60 mm Hg systolic by palpation, 
and the pulse increased to 160 beats per min- 
ute with clinical worsening of the pulmonary 
edema. The patient was intubated and venti- 
lated. A presumptive diagnosis of mitral valve 
obstruction was made, and at 11:30 rm he 
underwent operation. 

There was immediate hemodynamic im- 
provement after institution of cardiopulmonary 
bypass. Following hypothermic potassium ar- 
rest, the slightly enlarged left atrium was en- 
tered and found free from thrombus. The Pyro- 
lite disc was missing from the prosthesis and 
could not be found in the left atrium or ventri- 
cle. However, the larger restraining strut was 
fractured and partially embedded in the left 
ventricular myocardium (Fig 1). The remains of 
the Bjérk-Shiley prosthesis were excised, and a 
No. 29 Carpentier-Edwards porcine prosthesis 
was inserted. 

In the immediate postoperative period, the 
patient required inotropic drugs to maintain 
satisfactory cardiopulmonary status. Clinical 
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Fig 1. The excised Bjork-Shiley valve with fracture of 
the major strut and absent disc is shown beside a nor- 
mal model. 


and laboratory manifestations of mild dissemi- 
nated intravascular coagulation developed with 
excessive bleeding from the rectum and from 
the mediastinal tubes. After correction of the 
coagulation defects, chest tube losses di- 
minished but profuse bloody diarrhea con- 
tinued. Abdominal examination revealed a 
firm, quiet abdomen with no masses, and ex- 
amination of both lower extremities revealed 
the presence of equal pulses. Sigmoidoscopy 
revealed necrotic mucosa and copious amounts 
of lightly blood-stained pus. Abdominal roent- 
genograms showed right and transverse 
colon distention with a poorly defined de- 
scending colon. A diagnosis of ischemic colitis 
on the basis of severe preoperative hypoten- 
sion ischemia or due to mechanical vascular 
obstruction produced by the embolized disc 
was considered. 

Because of the patient’s precarious clinical 
condition, it was decided to treat him conser- 
vatively with wide-spectrum antibiotics, plus 
hemodynamic and respiratory support. Acute 
tubular necrosis developed with a blood urea 
nitrogen of 111 gm per 100 ml and serum 
creatinine of 4.9 mg per 100 ml. This state 
necessitated hemodialysis through a Scribner 
shunt on the fifth to the twenty-ninth day post- 
operatively. Subsequently, the patient’s condi- 
tion gradually improved with discontinuation 
of all inotropic drugs, stabilization of the 
hemodynamic and respiratory status, and al- 
most complete cessation of gross rectal bleed- 


ing. 


Strut Fracture and Embolization of Bjérk-Shiley Disc 





Fig 2. Computerized axial tomography of the abdominal 
aorta shows the embolized disc (arrow), with a density 
equal to that of bone, at the origin of the superior 
mesenteric artery. 


Computerized axial tomography of the ab- 
domen, performed on August 12, revealed the 
Bjork-Shiley disc in the abdominal aorta, at the 
origin of the superior mesenteric artery (Fig 2). 
The patient was operated on through a midline 
abdominal incision, and the disc was palpated 
easily as it lay obliquely in the aorta partially 
occluding the origin of the superior mesenteric 
artery. The disc was removed and after ascer- 
taining that there was no intestinal damage, 
the abdomen was closed. Postoperatively, the 
patient continued to improve, with no further 
rectal bleeding. He was* discharged well six 
weeks following admission and continues to be 
well one year later. 


Comment 
In 1969, Björk [7] introduced the Bjérk-Shiley 
tilting-disc prosthetic valve for the treatment of 
diseased cardiac valves. The prosthesis consists 
of a stellite metal housing with a Teflon sewing 
ring and tilting-disc occluder suspended be- 
tween two stellite wire struts. In the original 
model, the disc was composed of Delrin and the 
struts were welded to the valve housing. In 
1971, the disc material was changed to pyrolitic 
carbon, with increased durability [8]. In 1978 
the retaining struts became part of a single unit 
with the stellite frame [9]. 

In 1973, Messmer and colleagues [1] reported 
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early embolization (18 hours after operation) of 
the Delrin disc of a BjOrk-Shiley mitral valve 
prosthesis. Although the patient underwent 
successful replacement with immediate im- 
provement of his pulmonary edema and cardiac 
failure, he died suddenly six weeks after opera- 
tion. At postmortem examination, the em- 
bolized disc was found in the descending aorta 
at the level of the incision for arterial cannula- 
tion used in the first operation. The disc release 
was attributed to excessive intraoperative ma- 
nipulation of the metal seat, which resulted in 
increased clearance between the strut and the 
disc. Several years later, Norenberg and as- 
sociates [2] reported a fatal fracture and emboli- 
zation of a Bjérk-Shiley mitral valve disc made 
of pyrolitic carbon. The patient was seen in 
fulminating heart failure and died during 
emergency catheterization and intensive medi- 
cal therapy. At postmortem examination, the 
prosthetic ring was intact and the metal struts 
were normal, but the pyrolitic carbon disc was 
fractured into nearly equal halves and had em- 
bolized to the aortic bifurcation. 

In our patient, fracture of the major strut was 
responsible for the disc escape. This type of 
fracture has been mentioned before, but details 
have been lacking [10]. The strut fracture ap- 
pears to result from failure of the strut-housing 
weld to withstand excessive wear. Improve- 
ments in the Bjérk-Shiley valve were reported 
by Bjork [9] in 1978 and include incorporation 
of the strut as an integral part of the orifice ring. 
However, in patients with a Bjork-Shiley valve 
prosthesis inserted prior to 1975, or anyone 
with the welded-strut model, the possibility of 
acute valvular dysfunction should be kept in 
mind. 

Although ball poppet and disc embolization 
is quite rare, the outcome is usually fatal [1-6, 
11], and therefore immediate recognition is of 
the utmost importance. The clinical presenta- 
tion is sudden, fulminating heart failure and 
lack of prosthetic heart sounds. It can occur any 
time after prosthetic valve insertion, and al- 
though a loud regurgitant murmur of mitral in- 
sufficiency may be present, often no murmur is 
heard, as in our patient and those of Ansbro [6], 
Norenberg [2], and their colleagues. Absence of 
the murmur may be the result of wide-open 
regurgitation without much turbulence and 


often leads to the erroneous diagnosis of 
prosthetic obstruction. 

The only hope for survival in these patients is 
immediate reoperation. This is supported by 
the results in our patient and those of 2 [4, 5] of 
the 3 survivors found in the literature [6]. Al- 
though intensive medical therapy should be 
administered as soon as the patient is seen, 
emergency cardiac catheterization loses valu- 
able time and adds great stress to an already 
compromised cardiac function. 

The development of sophisticated radiological 
equipment has made the localization of small 
foreign objects, such as an embolized disc or 
poppet, easier and noninvasive. In 2 patients 
the embolized Bjork-Shiley disc was located 
at postmortem examination [1, 2], while in 2 
others, aortic arch and abdominal aortography 
had to be performed [5, 6]. In yet another pa- 
tient, the occluder was found by extending the 
sternotomy incision into the abdomen, per- 
forming an abdominal aortotomy, and utilizing 
the Fogarty catheter to locate and remove the 
object [4]. 

In our patient, computerized axial tomog- 
raphy of the abdominal aorta localized the em- 
bolized disc and avoided an invasive procedure 
in a seriously ill patient. We recommend it as 
the procedure of choice in similar occurrences. 
In seriously ill patients, removal of the em- 
bolized disc is usually not urgent and to pro- 
long the operation for its removal is unjustified. 
When the patient’s condition is stable, location 
of the disc by computed tomographic scan is ac- 
curate, and surgical removal is easy. 

In spite of this report of embolization of a 
disc, the Bjérk-Shiley valve has an excellent 
clinical record and remains one of the most 
widely used valve prostheses in the world [8, 
10, 12]. It is hoped that the recent modifications 
reported by Bjork [9], such as the increased 
strength of the metal struts (by eliminating the 
welded joints) and the pyrolitic carbon concave 
disc, will obviate the problem of disc emboliza- 
tion. 
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Coronary Artery Spasm Following 
Coronary Artery Revascularization 


R. H. Zeff, M.D., L. A. Iannone, M.D., C. Kongtahworn, M.D., 
T. M. Brown, M.D., D. F. Gordon, M.D., M. Benson, P.A., 


S. J. Phillips, M.D., and R. E. Alley, D.O. 


ABSTRACT Coronary artery spasm is a well- 
documented phenomenon in patients undergoing 
medical treatment. We describe coronary artery 
spasm occurring in the immediate postoperative pe- 
riod following coronary artery bypass operation. The 
spasm occurred in a vessel that was not operated on 
and that had no apparent lesion. The diagnosis of 
spasm was made by coronary angiography imme- 
diately after operation. Complications associated 
with this spasm are discussed. Emphasis is placed on 
early postoperative angiography for patients whose 
condition is inexplicably unstable after operation. 


Coronary artery spasm has been well doc- 
umented in patients receiving medical treat- 
ment [1-5]. It has also been documented to 
occur during coronary arteriography [6]. Al- 
though Prinzmetal’s variant angina has been 
described in the postoperative period [7], coro- 
nary artery spasm following coronary artery op- 
eration has not. We are unaware of previous 
reports of patients with low cardiac output as- 
sociated with multiple arrhythmias and heart 
block resulting from coronary artery spasm in 
the early postoperative period. This case report 
describes a patient who underwent unevent- 
ful triple coronary artery revascularization, but 
who had severe hypotension and supraventric- 
ular and ventricular arrhythmias in the imme- 
diate postoperative period. By means of im- 
mediate arteriography, the patient was found 
to have a severe spasm throughout the entire 
normal right coronary artery—a vessel that 
had not been bypassed and that had shown no 
lesion preoperatively. 
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A 62-year-old man was admitted with a his- 
tory of sharp, quite severe pains which began 
in the middle portion of the back and radiated 
up across the left scapular area to the left shoul- 
der. Each pain lasted about a minute or less 
and, on the date of admission, occurred while 
he was working. The pain was associated with 
diaphoresis, but not with nausea or shortness 
of breath. In retrospect, the patient had had 
these pains off and on for more than a year. In 
the past they had not been related to any spe- 
cific exercise or exertional pattern. Coronary 
risk factors included a recent family history of 
myocardial infarction (the patient’s mother had 
experienced such an event in her sixties) and a 
history of hypertension controlled by Dyazide 
(triamterene and hydrochlorothiazide). There 
was no history of smoking. Approximately ten 
months prior to admission, the patient had 
undergone exercise stress testing, which re- 
vealed borderline S-T segment depression in 
the inferior leads. 

Physical examination revealed a white man, 
173 cm tall, weighing 79.5 kg, in no acute dis- 
tress. On admission, blood pressure was 138/78 
mm Hg, pulse 78 beats per minute, temperature 
37°C. Neck veins were not distended, and there 
were no carotid bruits. Peripheral pulses were 
palpable. There was a slight increase in the an- 
teroposterior diameter of the chest, and breath 
sounds were normal. The cardiac apex was 
normal with no murmurs, gallops, or rubs. 
Liver and spleen were not enlarged. Chemical 
profile, electrolyte levels, blood count, and 
urinalysis were normal. An arteriogram done 
on February 16, 1978, revealed a 90% stenosis of 
the proximal left anterior descending coronary 
artery with a good distal vessel and a 60% le- 
sion at the origin of the circumflex coronary ar- 
tery with a second 80% stenosis at the origin of 
the obtuse marginal branch. The right coronary 
artery was essentially normal (Fig 1A). 


196 0003-4975/82/080196-05$01.25 © 1981 by The Society of Thoracic Surgeons 


197 Case Report: Zeff et al: Coronary Artery Spasm after Revascularization 


Fig 1. (A) Preoperative angiogram of the right coronary 
artery in the right anterior oblique view. There is no 
evidence of luminal narrowing or spasm (arrow). (B) 
Postoperative right coronary angiogram in the right 
anterior oblique view demonstrating diffuse spasm of 
the right coronary artery (arrow). Mediastinal wire 
sutures, pericardial drainage tubes, wires for monitoring 
the electrocardiogram, and a right ventricular pacing 
wire are seen. (C) Angiogram of the right coronary 
artery in the right anterior oblique view after post- 
operative inhalation of amyl nitrate. The spasm is no 
longer present (arrow). Pacemaker is seen in the right 
ventricle. Two pericardial drainage tubes are seen. 


On February 21, the patient was scheduled 
for elective coronary artery bypass. Preopera- 
tive medication included morphine and Valium 
(diazepam). During induction the patient re- 
ceived ketamine, 2 mg per kilogram of body 
weight, Pentothal (thiopental sodium), nitrous 
oxide, and oxygen. Also during induction, the 
patient had a sudden episode of heart block and 
hypotension. Because of this he was rapidly 
placed on cardiopulmonary bypass through as- 
cending aortic and right atrial cannulation with 
a Cobe Optiflow oxygenator utilizing clear 
prime. When the chest was opened, the right 
ventricle appeared bluish and was contracting 
sluggishly. Because the angiogram of the right 
coronary artery had been normal preopera- 
tively, the surgeons thought that the problem 
was related to global ischemia and was caused 
by the patient’s coronary disease. 





The operation proceeded with total body 
hypothermia at 30°C. Cardioplegic solution in- 
jected into the aortic root provided myocardial 
protection, and vein bypass grafts were carried 
out in sequential fashion from the aorta to the 
anterior descending, to the obtuse marginal, 
and to the distal circumflex coronary arteries. 
Three anastomoses were done during a 
thirty-minute period of aortic cross-clamping 
while the myocardial temperature was main- 
tained at 20°C, monitored by a thermistor 
probe. Following release of the cross-clamp, the 
heart reverted spontaneously to sinus rhythm; 
and when the body temperature reached 35°C, 
the patient was weaned from cardiopulmonary 
bypass without difficulty. The chest was closed 
in routine fashion. 

Once the patient was conscious, he was 
transported to the recovery area. A comparison 
of preoperative (Fig 2A) and postoperative 
electrocardiograms (Fig 2B) revealed S-T seg- 
ment elevation in leads V, and V, in the latter, 
but otherwise they were similar. Approxi- 
mately fifteen minutes later, the patient sud- 
denly experienced sinus arrest with very slow 
junctional escape rhythm. Blood pressure fell to 
60 mm Hg systolic from a previous 130/80 mm 
Hg. Whereas the central venous pressure had 
been 9 mm Hg and the electrocardiogram nor- 
mal at 90 beats per minute with a normal sinus 
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B 
Fig 2. (A) Preoperative electrocardiogram. (B) Elec- 
trocardiogram obtained five minutes postoperatively. 
Note the S-T segment in leads V and Vy. 
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Fig 3. Electrocardiogram made postoperatively revealed 
(A) normal sinus rhythm with baseline artifact, (B) slow 
junctional escape rhythm with pacemaker artifact but 
no capture, (C) similar rhythm without pacemaker, (D) 
bifocal pacing, and (E) atrial fibrillation with slow 
ventricular response. 


rhythm, central venous pressure was now 17 
mm Hg and heart rate, 40 beats per minute. 
Initial attempts to use a pacemaker were unsuc- 
cessful because the wires placed during opera- 
tion did not capture. After the administration of 
large infusions of isoproterenol (2 mg/500 ml) 
and epinephrine (5 mg/500 ml), atrial fibrilla- 
tion developed with a moderate ventricular 
response, and blood pressure returned to nor- 
mal (Fig 3). Because of his unstable condition, 
the patient was immediately taken to the car- 
diac catheterization laboratory where coronary 
angiograms revealed that the graft and anas- 
tomoses were patent, but the right coronary 
artery was in severe spasm (Fig 1B). With the 
identification of the spasm, the patient, who 
was still intubated, received amyl nitrite 
through aerosol into the endotracheal tube. A 


repeat injection of the right coronary artery 
showed that the spasm had abated (Fig 1C). 
The patient immediately went back into sinus 
rhythm, and blood pressure stabilized. His post- 
operative course from there on was unevent- 
ful, with no electrocardiographic or enzymat- 
ic evidence of myocardial infarction. He was 
discharged on the sixth postoperative day. 
Coronary vasodilators were included in the 
discharge medication. 


Comment 

Severe coronary artery spasm as a complication 
following coronary artery operation has not 
been described previously. That the spasm oc- 
curred in a vessel that had no lesion, that was 
not operated on, and that was not traumatized 
during operation is fascinating. The fact that 
this spasm was immediately relieved by a coro- 
nary vasodilator allowed rapid recovery from a 
life-threatening situation. Several factors have 
been suggested as causes of coronary artery 
spasm, but none could definitely be proved as a 
precipitating factor in this instance. Theoreti- 
cally, other causes could have included trauma 
to the right coronary artery during atrial can- 
nulation and manipulation of the heart during 
the anastomoses. It seems unlikely that the in- 
jection of cold cardioplegic solution would have 
caused the spasm, as the spasm happened ap- 
proximately one hour after the patient was off 
the heart-lung machine and in the recovery 
room. Although the patient's history is consis- 
tent with coronary artery spasm, he did not 
have a history of syncope or palpitation. 

Our purpose for describing this patient’s 
course is to emphasize the importance of ag- 
gressive management in the patient whose 
condition is unstable in the immediate post- 
operative period following a routine and appar- 
ently successful operation. In reviewing this 
patient’s initially disastrous course, we consid- 
ered acute graft occlusion. This prompted ar- 
teriography, which led to the diagnosis of dif- 
fuse spasm and hence to the effective therapy 
with amyl nitrate. Should we be faced with this 
situation again, we would certainly consider 
this and other etiologies. While we rapidly 
planned our approach, we would initiate amyl 
nitrate therapy by aerosol. If this reversed the 
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problem, we would not need emergency coro- 
nary arteriography again. We believe it is im- 
portant to emphasize the need for aggressive 
coronary angiography in a patient who has not 
done well in the immediate postoperative pe- 
riod of what was considered to be a routine, 
successful operation. 
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Saphenous Vein Aortocoronary 
Bypass Graft in a Dog: Thirteen-Year Follow-up 


Akio Wakabayashi, M.D., and John E. Connolly, M.D. 


ABSTRACT A reversed autogenous saphenous vein 
graft placed between the ascending aorta and the 
nonstenosed circumflex coronary artery in a dog was 
studied thirteen years after operation. The aortic 
anastomosis was round despite the fact that only a 
slit aortotomy was originally made. The heel side of 
the distal anastomosis was narrowed but the toe side 
was not. The intimal thickening was very minimal, 
and the elastic membrane was intact. 


In 1967, we |1] carried out a series of saphenous 
vein—coronary artery bypasses in dogs. This was 
among the first of the experimental evaluations 
of an operative procedure that has revolution- 
ized cardiac surgery. Among many problems 
to be solved prior to clinical trial, the choice of 
graft material was the most important. 

Since we were uncertain whether a saphe- 
nous vein could stand high aortic pressure as a 
coronary bypass graft, we evaluated three vari- 
eties of autogenous tissue as aortocoronary 
grafts: the saphenous vein, the free internal 
mammary artery, and the free femoral artery. 
The saphenous vein proved to have the highest 
patency rate (83%) [2] among the three grafts 
tested; none of the saphenous vein grafts 
showed aneurysmal dilatation; and intimal 
hypertrophy was minimal for up to ten months 
postoperatively [2]. In order to test the long- 
term fate of saphenous vein grafts, two long- 
term survivors with these grafts were allowed 
to live until natural death. This article describes 
the result. 


Surgical Technique 

A saphenous vein was harvested from a hind 
leg and flushed with heparinized normal saline 
solution; pH of the solution was not adjusted. 
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The vein was stored in heparinized normal 
saline solution at room temperature until it was 
to be used. The proximal end of the graft was 
sutured to a longitudinal aortotomy on the as- 
cending aorta by a continuous 6-0 braided 
polyester suture (Ticron) prior to the institution 
of cardiopulmonary bypass. The distal anas- 
tomosis was accomplished by a continuous 7-0 
Ticron suture while the heart was cooled to 
28°C and electrically fibrillated. In Dog 1, an 
ameroid constrictor was placed on the left an- 
terior descending coronary artery proximal to 
the vein graft. In Dog 2, the vein was sutured to 
the circumflex coronary artery without proximal 
construction. 


Follow-up Study 

Two years three months postoperatively, Dog 1 
died of old age. Postmortem examination re- 
vealed severe sclerosing nephritis, a common 
cause of death in dogs. The saphenous vein 
bypass graft was widely patent, and intimal 
thickening was minimal. 

Dog 2 remained very active and normal in all 
aspects of its life until 1980, when it showed 
symptoms of old age and became partially 
paralyzed. On April 25, 1980, the dog was killed 
by intravenous administration of barbiturates, 
thirteen years after operation. The left chest was 
opened and the heart removed en bloc. Fibrous 
tissue was carefully removed from the specimen 
to identify the vein graft. The entire course of 
the vein graft was snugly embedded in thin 
fibrous tissue, with no redundancy, kinking, or 
tortuosity. The proximal aortic anastomosis was 
round, widely patent, and well epithelialized 
(Fig 1). The vein itself was thin walled and pli- 
able, and no calcification was noted (Fig 2). The 
vein was arterialized, in the sense that its wall 
was slightly thickened and no vein valves were 
identifiable. The distal anastomosis to the cir- 
cumflex coronary artery showed narrowing at 
the heel of the vein graft, but the toe side was 
widely patent (Fig 3). No excessive tissue reac- 
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Fig 1. Aortic anastomosis. Although the saphenous vein 
was anastomosed to a longitudinal linear aortotomy, 
the anastomosis became circular as if a buttonhole 
aortotomy had been made. 


‘ i ¥ 
Fig 2. The course of the saphenous vein graft was 
snugly embedded in fibrous tissue. Its wall was mini- 


mally thickened, and the venous characteristics were no 
longer identifiable. 


tion was noted in this area. The specimen was 
fixed in 10% formaldehyde solution, and micro- 
scopic slides were stained with both hema- 
toxylin-eosin and van Gieson’s elastic stain. 
Microscopic examination showed very minimal 
intimal reaction. The vein wall showed no cel- 
lular infiltrate. The internal lamina elastica 
was well preserved (Fig 4), and the aortic anas- 
tomosis showed continuous epithelialization. 


Fig 3. The heel of the distal anastomosis became moder- 
ately narrow, but the toe was widely patent. The vein 
graft is on the left and the circumflex coronary artery 
on the right. 





Fig 4. The elastic fibers of the saphenous vein are in- 
creased in number, resembling an artery. (van Gieson’s 
elastic; X7 before 40% reduction.) 


Comment 

Dedomenico and associates [3] reported a five- 
year follow-up of external jugular vein grafts 
placed between the descending thoracic aorta and 
a coronary artery in dogs. They noted that all 
grafts showed aneurysmal dilatation within the 
first three months after operation but showed 
no further progression in ensuing months. The 
saphenous vein placed between the ascending 


a 


a 
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aorta and the coronary artery in our dogs 
showed no sign of aneurysmal dilatation or dis- 
ruption of the elastic membrane. Excessive 
build-up of neointima (intimal hyperplasia), 
which has been reported as a cause of graft fail- 
ure in patients, was also absent in our animal 
saphenous vein bypasses. In our experiments, 
the saphenous vein grafts were prepared by 
flushing with normal saline solution and stor- 
ing at room temperature only, without any ap- 
parent deleterious effects on the graft. Silver 
and co-workers studied vein—coronary artery 
bypass grafts in dogs for up to three years. They 
noted intimal thickening, myointimal hyper- 
plasia, and replacement of medial smooth mus- 
cles with fibrocytes in all animals. This is in 
contrast to the absence of such changes in our 
experiments. However, the veins they used 
were harvested from the thigh, and dogs do not 
have saphenous veins in the thigh. Thus, it 
would appear that they used the relatively thin 
deep femoral vein. Although we did not cut out 
a hole in the ascending aorta at the time of op- 
eration, the proximal anastomosis was rounded 
as if we had. Therefore, the choice between a 
simple longitudinal aortotomy and an aortic 
buttonhole might be a matter of the surgeon’s 
preference. 

It is very important to note that the heel side 
of the coronary artery anastomosis became nar- 
row. The cause for this stricture is not clear. If 
the coronary artery proximal to the bypass graft 
requires retrograde perfusion, this phenome- 
non may create a problem. The monofilament 


polypropylene. suture, currently our suture of 
choice, was not available in 1967. Tissue reac- 
tion around the braided polyester fiber suture 
was, however, minimal. The suture material 
used may be a matter of personal preference 
also. 

In conclusion, an autogenous saphenous vein 
interposed between the ascending aorta and a 
coronary artery in a dog functioned well and 
showed only minimal histological changes 
thirteen years after operation. In addition, this 
study showed that the saphenous vein is strong 
and can withstand arterial pressures for at least 
thirteen years. 


The authors express their deepest appreciation to Mr. 
Paul Mullin and his family for the care of the dog 
described in this text. It was the family pet for thir- 
teen years. 
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NOTE 


Platelet Aggregation during 
and after Cardiopulmonary 


Bypass: 


Effect of Two Different Cardiotomy Filters 


J. Anthony Ware, M.D., Michael A. Scott, B.S., 
Janet K. Horak, M.T., and R. Thomas Solis, M.D. 


ABSTRACT Patients undergoing cardiopulmonary 
bypass with a membrane oxygenator were studied to 
determine the effects of two cardiotomy filters on 
platelet number and function. A Dacron wool filter 
removed significantly more microemboli than a 40 p 
x 40 u pore-mesh filter. Postoperatively, there were 
fewer platelets and a lower total volume of platelets 
in patients who had a Dacron wool filter in the ex- 
tracorporeal circuit. However, the volume of aden- 
osine diphosphate—-induced aggregates was nearly 
identical in the two patient groups (p > 0.1). The 
study documents an increased number of circulat- 
ing platelets after pore-mesh filtration, and sug- 
gests that the mticroaggregates reinfused during 
pore-mesh filtration represent aggregated platelets 
that dissociate and subsequently circulate in the pa- 
tient but do not function. 


In previous studies, we [1-3] utilized an elec- 
tronic particle-size analyzer to detect microem- 
boli in cardiotomy suction blood from patients 
undergoing cardiopulmonary bypass for an 
elective cardiac operation. We found that the 
membrane oxygenator preserves postoperative 
function of the remaining platelets, while the 
bubble oxygenator produced relatively dys- 
functional platelets [3]. In the present study, we 
assessed platelet number and function in pa- 
tients on bypass with a membrane oxygenator 
. to compare the effects of two cardiotomy filters. 
A Dacron wool filter* and a 40 u pore mesh car- 
diotomy filtert were tested. 


From the Pulmonary Disease Sections of St. Luke’s Epis- 
copal and The Methodist Hospitals, The Texas Heart Insti- 
tute, and the Department of Internal Medicine, Baylor Col- 
lege of Medicine, Houston, TX. 


Accepted for publication Sept 4, 1981. 


Address reprint requests to Dr. Solis, Pulmonary Research 
Laboratory, St. Luke’s Episcopal Hospital, 6720 Bertner 
Ave, Houston, TX 77030. 


*Swank CA 100: Pioneer Filters Inc., Beaverton, OR 
tUltipor: Pall Biomedical Products, Glen Cove, NY 


Twenty adults undergoing elective cardiac 
surgical procedures were randomly selected for 
study; each type of cardiotomy filter was used 
in the extracorporeal circuit of 10 patients. The 
patient population was similar to that previ- 
ously described in detail [1]. The prime volume, 
blood flow rate, gas ratio, and time on car- 
diopulmonary bypass were similar in both pa- 
tient groups. Samples were drawn proximal 
and distal to the cardiotomy filter to determine 
the filtration efficiency of each filter. In addi- 
tion, samples were drawn from a radial artery 
cannula at the following times: preoperatively, 
immediately after thoracotomy, after thirty 
minutes on cardiopulmonary bypass, two 
hours after bypass, and twenty-four hours after 
bypass. 

Microemboli were measured with an elec- 
tronic particle-size analyzer* using previously 
described methods [1, 2]. The total volume of 
particles 13 to 80 u in diameter both proximal 
and distal to the cardiotomy filter was recorded, 
and the mean percentage of particles remaining 
after filtration was calculated. The timed sam- 
ples of citrated blood from the arterial catheter 
were mixed with adenosine diphosphate 
(ADP) (final concentration, 2 uM), and the 
total volume of aggregated platelets was deter- 
mined after sixty seconds of continued agita- 
tion. The total volume of platelets available for 
aggregation was calculated by multiplying the 
mean platelet size (in platelet-rich plasma with- 
out added ADP) by the number of platelets 
counted with a hemacytometer. The mean 
platelet sizes were not statistically different in 
any of the measurements (p > 0.3); therefore, 
changes in the total volume of platelets avail- 
able for aggregation reflected changes in the 


*Model T Coulter Counter: Coulter Electronics, Hialeah, FL 
tSigma Chemical Co., St. Louis, MO 
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Percentage by Volume of Particles in Three Size 
Ranges Remaining after Filtration with Two 
Different Cardiotomy Filters during 
Cardiopulmonary Bypass 


Diameter Range 





Filter 13-80 u 32-80 p 13-25 u 

Dacron 10.7 +2.0* 146450 11.0 + 1.8° 
wool 

Pore- 33.0 + 4.0 4.0429 44.7413 
mesh 


l ap < 0.001 compared with pore-mesh filter (Ultipor). 


VOLUME OF PLATELETS 
xio3 p3/mm3 


30Min On 


Preop Post 
Thoracotomy Pump 


(Top) Comparison of the volume of platelets in patients 
before bypass and at various time intervals during and 
following bypass with a Dacron wool filter (o) or a 40 u 
pore-mesh filter (x). (Bottom) Comparison of the vol- 
umes of aggregates formed in response to adenosine 
diphosphate (concentration, 2.0 uM) before bypass and 
at various time intervals during and following bypass in 





Off 2Hours 24 Hours 
Pump Off Pump Off Pump 


patients undergoing elective cardiac operation with a 
Dacron wool filter or a 40 p pore-mesh filter. Despite 
an increased volume of platelets remaining at two and 
twenty-four hours after bypass in patients with a 40 u 
pore-mesh filter, the volume of aggregates formed was 
nearly identical to that seen with the Dacron wool 
filter. 
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platelet count. Statistical comparisons were 
done using Student’s ¢ test. 

As previously reported [1], the Dacron wool 
filter removed a larger volume of microemboli 
than the pore-mesh filter; the additional micro- 
emboli removed were mostly in the small (13 
to 25 u) size ranges (Table). A significantly 
lower platelet count was seen in patients after 
bypass with a Dacron filter at both the two- 
hour and twenty-four-hour postoperative mea- 
surements, as noted in prior reports [4]. In this 
study, the mean platelet count was reduced 
from 276,000 + 26,000/mm? to 173,000 + 
18,000/mm? in the Dacron filter group at 
twenty-four hours postoperatively. The mean 
platelet count in the pore-mesh filter group 
was reduced from 307,000 + 31,000/mm* to 
249,000 + 24,000/mm? in the same time period. 
However, the volumes of ADP-induced aggre- 
gates were almost identical—1.5 + 0.13 versus 
1.5 + 0.16 (mean + standard error of the mean) 
for Dacron wool and pore-mesh filters, respec- 
tively (p > 0.1). When the volume of ADP- 
induced aggregates in each group was com- 
pared with the respective volume of platelets 
that were available to aggregate, there was 
nearly total aggregation in the group with the 
Dacron wool filter. There was significantly less 
aggregation by percentage in the group with 
the pore-mesh filter (Figure). 

Previous studies have found that the Dacron 


wool filter removes a greater number of small 
microemboli than the pore-mesh filter. How- 
ever, relative thrombocytopenia associated 
with the Dacron filter has been reported [4]. 
The present study shows that the additional cir- 
culating platelets seen in blood after pore-mesh 
filtration do not respond normally to aggrega- 
tory stimuli and therefore may be of little bene- 
fit toward hemostasis. It also implies that the 
aggregated platelets reinfused after pore-mesh 
filtration dissociate and then are carried in the 
patient's circulation but are nonfunctional. 
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THORACIC SURGERY QUIZ 


These questions and the answers and discussions on p 221 
were provided by Marvin M. Kirsh, M.D., Section of 
Thoracic Surgery, University of Michigan Hospital, 
C-7079 University Hospital, Ann Arbor, MI 48109. 
Thoracic Surgery Quiz is edited by Hassan Najafi, M.D. 


DIRECTIONS: Select the most appropriate answer 
to each of the following questions. (Answers 
and discussions appear on p 221.) 


1. All of the following concerning aspergillosis 
are correct EXCEPT: 

A. May occur in a cavitary form 

B. May produce necrotizing bronchopneu- 
monia or abscess formation 

C. Frequently occurs in immunosuppressed 
patients or in those with antecedent pulmo- 
nary disease 

D. Diagnosis can be firmly established by the 
presence of Aspergillus in a patient’s sputum 

E. May cause bronchopulmonary hypersen- 
sitivity reactions and resemble asthmatic 
bronchitis 


2. In a patient with bronchiectasis involving 
the basal segments of the left lower lobe and 
the lingula, the best surgical results will be 
obtained if: 

. The basal segments only are resected. 

. The entire lower lobe only is resected. 

. The basal segments and lingula are resected. 

. The entire lower lobe is resected and wedge 


GAS 
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excision of involved portion of the lingula is 
carried out. 

E. Wedge excision is performed on the areas of 
involvement. 


DIRECTIONS: There are four choices for the an- 
swer to each of the following questions; one or 
more may be correct. Use this code to select the 
most appropriate response: 


A B c D E 
(1-3) (1&3) (2&4 4 04 


3. Indication(s) for pulmonary resection in pa- 
tients with aspergillosis include(s): 

. Recurrent major hemoptysis 

. To rule out the possibility of carcinoma 

. Development of a tension cavity 

. Frequent allergic bronchitis attack 


A ON Be 


4. In cases in which there is no bronchial ob- 
struction, the area(s) most frequently in- 
volved in bronchiectasis is/are: 

1. Basal segments of lower lobe 

2. Superior segments of lower lobe 

3. Lingula and right middle lobe 

4. Anterior segments of upper lobes 


5. Complication(s) of bronchiectasis include(s): 
1. Recurrent pulmonary infections 

2. Massive hemoptysis 

3. Empyema 

4. Brain abscess 


COLLECTIVE REVIEW 


An Epitaph for Cavopulmonary Anastomosis 


Francis Robicsek, M.D. 


ABSTRACT Cavopulmonary anastomosis was de- 
veloped by several surgical groups working inde- 


pendently and probably unaware of each other. In a: 


most unusual way, the primary discoveries were left 
unnoticed, the initial trials were not followed up, 
and the first clinical successes were generally 
disregarded. After that, however, there was inten- 
sive experimental and clinical activity during which 
the physiology of this new operation was studied 
intensively and it was applied in a large number of 
clinical cases. After the development of more radical 
procedures, the operation gradually fell into disuse. 
This essay discusses the place of the cavopulmonary 
shunt in surgical history. 


The continual rising and falling of the lungs in res- 
piration must open and close the vessels and poros- 
ities as in a sponge or a thing of similar structure, 
when it is compressed and allowed to expand. 


William Harvey 


Anastomosis between the superior caval vein 
and the right pulmonary artery is a procedure 
designed to palliate certain congenital cardiac 
anomalies associated with decreased pulmo- 
nary blood flow by delivering venous blood 
directly into the pulmonary circulation, bypass- 
ing the right ventricle. The operation was de- 
veloped in the early 1950s and was quite popular 
until the mid-1970s, then it gradually fell into 
disuse. This paper reviews the history and de- 
velopment of the procedure, its value, the 
problems that came to be associated with it, 
and finally the causes of the “rise and decline” 
of its application. 
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The cavopulmonary shunt was developed by 
several surgical groups working independently 
and probably unaware of each other’s efforts. In 
a most unusual way, the primary discoveries 
made as early as 1949 were left unnoticed, the 
initial trials of 1954 were not followed up, and 
the first clinical successes achieved in 1954 were 
generally disregarded. After this, however, 
there was feverish experimental and clinical ac- 
tivity in which, for a while anyhow, it was very 
difficult to state who did what, when, and with 
what results. 


Carlon and Shumacker 

At the 2nd Clinical Congress of the Italian 
Chapter of the International College of Sur- 
geons held at Padua and Venice on March 
27-28, 1950, three Italian surgeons, Carlon, 
Mondini, and de Marchi, presented a paper 
entitled “A method to perform anastomosis 
between the vena cava superior and the right 
branch of the pulmonary artery” [1]. The study 
was published that same year in Italian [2] and 
in 1951 in English [3]. In the English-language 
publication Carlo A. Carlon, presently Profes- 
sor of Surgery at the University Medical School 
in Padua, was credited as the one who advo- 
cated that in certain congenital heart conditions 
“advantage would be served if the blood of the 
superior cava should reach the capillary region 
of the right lung by way of a convenient anas- 
tomosis between the great venous trunk and 
the arterial system of the right lung” [3]. 

In their reports, Carlon and associates [1-5] 
presented anatomical studies on human ca- 
davers in which the feasibility of the following 
varieties of cavopulmonary anastomoses was 
demonstrated: (1) end-to-end between the 
distal ends of the divided superior caval vein 
and the right pulmonary artery; (2) end-to-end ` 
between the proximal end of the divided 
azygos vein and the right pulmonary artery 
with preatrial ligation of the superior vena 
cava; (3) end-to-end between the proximal 
stump of the divided azygos vein and the right 
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pulmonary artery with preatrial ligation of the 
superior vena cava and proximal ligation of the 
right pulmonary artery; and (4) end-to-end 
between the proximal stump of the divided 
azygos vein and the distal end of the divided 
right pulmonary artery. They applied all these 
methods experimentally in dogs but could 
achieve survival only with the fourth method. 
In 1952 and 1953, Carlon and Albertini recom- 
mended the use of this procedure in combina- 
tion with creation of an atrial septal defect for 
treatment of transposition of the great vessels 
(6, 7]. At the end of the 1953 paper, however, 
they cautioned that cavopulmonary shunt 
“should not be applied on humans at the pres- 
ent state” (“poiche la riprova diretta sull'uomo no 
ci e ancore stata possible”) [6]. 

Carlon and associates did not follow their re- 
ports with further physiological studies, and a 
decade passed before they reported any clinical 
experience [8]. Because their initial publica- 
tions appeared in journals scarcely read by the 
general surgical public, the pioneering work of 
Carlon seldom received appropriate recognition 
and was largely passed over by later inves- 
tigators. Without doubt, however, it was he 
who first described the concept of cavopulmo- 
nary shunt and experimentally demonstrated 
its clinical feasibility. 

In the United States, the first to study the 
mechanism of the cavopulmonary shunt was 
Harris B Shumacker. Discussing the paper 
of Warden et al [9] at the 40th Annual Clin- 
ical Congress of the American College of Sur- 
geons in Atlantic City, November 15, 1954, 
Shumacker alluded to experiments in his labo- 
ratory, carried out in collaboration with Harold 
King, in which the “venae cavae were anas- 
tomosed directly to the pulmonary artery” [10, 
11]. At the same meeting and later at the 35th 
Annual Meeting of the American Association 
for Thoracic Surgery (Atlantic City, April 24-26, 
1955), Shumacker gave what is undoubtedly the 
first documented account of clinical application 
of the cavopulmonary shunt: “One was a very 
sick child who had truncus arteriosus with 
pulmonary hypertension and large pulmonary 
trunks coming off the common one. In this case 
and in one case with complete transposition, 
we simply performed a superior cava—right 


pulmonary artery end-to-end anastomosis” 
[12-14]. 

Probably because of the high pulmonary vas- 
cular resistance, later recognized as an absolute 
contraindication to this procedure, both chil- 
dren died some eight and fifteen hours after the 
operation. Shumacker’s experience, however, 
proved that ‘‘at least for periods of hours, the 
human heart can function with the right side 
circumvented” [12]. His bold attempt is espe- 
cially remarkable if we consider that it took 
nearly two more years until Meshalkin [15] 
in the Soviet Union performed successful 
cavopulmonary shunts on patients, and four 
years until Glenn [16], Rasmussen [17], and we 
[18, 19] (in that particular order) did so in the 
United States and Santy and co-workers [20] 
did in France. It is most unusual that although 
Shumacker’s pioneering experience is certainly 
a matter of record in his discussions at several 
major vascular meetings of the late 1950s, he 
never presented it in an independent study. 


The Soviet Experience 

According to Bakuljev and Kolesnikov [21], 
cavopulmonary shunting was performed in the 
Soviet Union both experimentally and clinically 
as early as 1951. These experiences, however, 
were neither published in the pertinent Soviet 
literature nor mentioned by those authors while 
observing experiments of a similar nature in 
our laboratory in 1953. Kuprianov’s detailed 
overview on the state of the art of cardiovascu- 
lar surgery in the U.S.S.R. in 1954 [22] and the 
historical review of cavopulmonary anasto- 
mosis by Darbinian and Galankin in 1956 [23] 
also fail to mention cavopulmonary shunt as a 


-procedure practiced in the Soviet Union before 


1956. 

The first Soviet publication on the subject of 
cavopulmonary shunt appeared in the 1956 vol- 
ume of Eksperimentalna Khirurgtia from the pens 
of Galankin and Darbinian [23]. These two in- 
vestigators performed end-to-end anastomosis 
between the superior caval vein and the right 
pulmonary artery in dogs, using a stainless- 
steel ring developed by Donetsky, which they 
placed around the distal end of the divided 
caval vein. The peripheral end of the similarly 
divided pulmonary artery was then pulled over 
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the ring and held in place by metallic pins. The 
conclusions derived from their experiments 
were as follows: (1) end-to-end anastomosis 
between the vena cava and the right pulmonary 
artery is technically feasible; (2) the venous 
blood flow is indeed able to bypass the right 
heart and enter the pulmonary circulation; (3) 
temporary occlusion of the superior caval vein 
leads to marked venous hypertension in that 
area as well as to a moderate drop in arterial 
blood pressure, both of which are readily cor- 
rected after the anastomosis is opened. 

This experimental report was followed in the 
same year by the paper of E. N. Meshalkin [15], 
who in the same journal presented the case 
summaries of 24 children on whom he per- 
formed cavopulmonary anastomosis between 
April and October, 1956. Twenty-three of the 
patients suffered from Fallot's tetralogy and 1 
had right ventricular atresia. In all but 1 patient 
the anastomosis was performed end-to-end, 
and in most cases the proximal stump of the 
superior vena cava was closed using the UKB 
mechanical stapling device. Three of the 24 pa- 
tients died. In the majority of survivors the re- 
sults were good, and their clinical course was 
characterized by a marked decrease in dyspnea, 
disappearance of cyanosis, and gradual drop in 
hemoglobin level. The patient Meshalkin oper- 
ated upon on April 3, 1956, undoubtedly rep- 
resents the first successful clinical case of 
cavopulmonary anastomosis reported in the 
surgical literature. 

The initial work of Galankin, Darbinian, and 
Meshalkin marked the beginning of rather ex- 
tensive activity in the Soviet Union on both the 
experimental and clinical aspects of cavopul- 
monary shunting. These studies were done 
primarily in the three leading institutions of 
thoracic surgery in the U.S.S.R.: the Institute of 
Thoracic Surgery of the Academy of Medical 
Sciences, the Vishnevsky Institute, and the 
Central Institute of Post-Graduate Studies [15, 
21, 23-30]. In 1957 Darbinian [25] published the 
results of additional experiments in which 
end-to-end as well as end-to-side cavopulmo- 
nary anastomoses were performed with the aid 
of a partially excluding clamp and the Donetsky 
ring. He came out as a strong advocate of the 
end-to-end method, primarily for technical rea- 


a 


sons, and also recognized that in some cases it 
may take weeks before pressure in the superior 
vena cava returns to normal or near normal. In 
the latter part of 1957, Darbinian [26] published 
another series of studies aimed at proving that 
cavopulmonary anastomosis alone may provide 
oxygenation of blood adequate for animals to 
survive. He found that in the presence of a 
cavopulmonary shunt, dogs tolerated internal 
occlusion of the left main bronchus for periods 
exceeding an hour, an experience which has 
also been reported by Western investigators 
[31]. 

Also in 1957, Galankin [30] gave an account of 
61 patients with tetralogy of Fallot who under- 
went cavopulmonary anastomosis at the Vish- 
nevsky Institute. The operative results were 
generally satisfactory, and only 1 patient was 
lost due to the procedure. The experience with 
cavopulmonary anastomosis at the Institute of 
Thoracic Surgery of the Academy of Medical 
Sciences of the U.S.S.R. was summarized by 
Bakuljev at the 3rd International Medico- 
Surgical Reunion at Turin [24] and by Bakuljev 
and Kolesnikov in the June, 1959, issue of the 
Journal of Thoracic Surgery [21]. There were 14 
hospital deaths among their 41 patients, a high 
rate they attributed to initial difficulties in sur- 
gical technique and anesthesia. Sixteen of the 
patients were followed for two years or longer, 
and all but 2 had good results. Among the tech- 
nical difficulties, the dangers of prolonged 
cross-clamping were especially emphasized. 
Extended occlusion of the superior caval vein 
during completion of the anastomosis led to se- 
vere hypoxia, facial edema, exophthalmos, and 
changes in the electrocardiogram. To decrease 
the cross-clamp time, they recommended 
routine use of the vascular stapler, which en- 
abled them to perform the anastomosis in 5 to’ 
6 minutes [21]. 

In 1959, in conjunction with Krymsky, Dar- 
binian [28] published more of his experimental 
observations on the effects of cavopulmonary 
anastomosis on the different internal organs, 
namely, the heart, lungs, and brain. The prin- 
cipal findings were marked edema, hyperemia, 
and vasodilatation in the early postoperative 
period. Whether these changes were attributed 
to temporary caval occlusion, to operative 
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trauma, or to the effects of the anastomosis it- 
self was not entirely clear. In 1960, Darbinian 


. and co-workers [29] presented further obser- 


vations regarding the effects of the Donetsky 
ring versus nylon sutures in constructing 
cavopulmonary shunts. They found that dogs 
in which the ring was used had fewer throm- 
boses and had smoother healing at the anas- 
tomotic site. 


Glenn and the Yale Group 
Cavopulmonary anastomosis in the United 
States became generally known mainly from the 
publications of the Yale group headed by Wil- 
liam W. L. Glenn. Glenn demonstrated his 
interest in right heart bypass in his early ex- 
periments in 1950, in which he and Sewell 
[32] delivered venous blood directly into the 
pulmonary circuit using a mechanical pump. 
The Yale group’s writings on cavopulmonary 
shunting began with the experimental paper of 
Glenn and Patiño in the 1954 volume of the Yale 
Journal of Biology and Medicine [10]. A superior 
cava—right pulmonary shunt was established in 
9 dogs by way of the divided azygos vein. 
Follow-up angiograms as late as 13 days post- 
operatively showed the anastomosis to be 
functioning well. An attempt was also made to 
drain the inferior caval vein into the pulmonary 
arterial system to establish “complete” right 
heart bypass, but that did not prove feasible. 
Glenn's first paper was followed by a series of 
experimental and clinical observations in which 
the Yale group gradually moved away from at- 
tempts at complete circulatory bypass of the 
right ventricle to study the clinical feasibility 
and long-range effects of superior vena cava— 
right pulmonary artery anastomosis. In a sec- 
ond series of 59 animals, Patifio and colleagues 
[33] obtained 6 long-term survivors. Chylous 
pleural effusion, a phenomenon associated 
with elevated pressure in the superior vena 
cava and already studied by Blalock, contrib- 
uted to the death of several animals. Later, that 
complication also created a problem in the 
clinical material of Glenn and associates [34] 
and others [35]. The conclusion was drawn that 
chylous pleural effusion usually can be pre- 
vented if the anastomosis is made sufficiently 
large. The importance of the size of the anas- 


tomotic opening was further emphasized at the 
11th Annual Meeting of the Society of Vascular 
Surgery in 1957 in New York by Nuland, Glenn, 
and Guilfoil, who found that if the opening is of 
proper diameter, as much as 30 to 40% of the 
cardiac output may bypass the right heart. 
Thus, in a limited sense, the right ventricular 
pump is not required to propel the blood 
through the pulmonary circulation. 

The first clinical report by Glenn described a 
7-year-old boy with transposition of the great 
vessels and decreased pulmonary blood flow 
who underwent cavopulmonary anastomosis 
on February 25, 1958 [16, 36]. The child’s con- 
dition improved substantially, and an angio- 
gram performed two months later showed the 
anastomosis to be patent [36]. In additional re- 
ports (34, 37], 10 further cases were presented in 
which tricuspid atresia was greatly palliated by 
cavopulmonary anastomosis. The Yale group’s 
further contributions to the problem of cavo- 
pulmonary shunting included study of late 
changes in the pulmonary circulation following 
this procedure. It was found that at least 80 to 
85% of superior caval flow in dogs continues to 
pass through the shunt as long as 81 months 
following operation, and collateral flow to the 
inferior caval area does not progressively in- 
crease. On morphological examination of the 
lungs, an augmented bronchial arterial supply 
was found which was attributed to decrease in 
pressure and changes in volume of the pulmo- 
nary arterial flow [38, 39]. 

In 1971, Glenn and Fenn [40, 41] recom- 
mended that in certain cases flow through the 
cavopulmonary shunt should be augmented by 
creation of an axillary arteriovenous fistula, a 
procedure which may be of merit if. the 
cavopulmonary anastomosis alone fails to pro- 
vide adequate oxygenation. 

The experiences of the Yale group, as re- 
ported in the 1968 volume of Circulation [34] 
and the 1973 volume of Surgery [42], may be 
summarized as follows. Cavopulmonary anas- 
tomosis was created in 63 patients with severe 
malformations of the right heart and impair- 
ment of pulmonary blood flow. Fifty-six sur- 
vived the operation and were followed for an‘ 
average of 7.9 years. There were 3 late deaths, 
all unrelated to the shunt. The results of opera- 
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tion were gratifying in most patients for five to 
seven years, after which signs and symptoms 
of hypoxemia began to reappear in some. A 
thorough evaluation disclosed that late failure 
can be caused by: (1) diminution of the shunt 
by increased pulmonary vascular resistance, 
either primary or secondary, due to increased 
viscosity of the blood, or (2) diminished flow to 
the contralateral lung resulting from closure of 
the pulmonary outflow tract and increased 
pulmonary vascular resistance. To remedy such 
situations, additional operations were carried 
out when indicated. These included systemic 
artery—pulmonary artery shunt to the left lung, 
atrial septectomy, axillary arteriovenous fistula, 
ligation of collateral venous connections, and 
correction of cardiac defects. At late evaluation 
they found that cavopulmonary shunting pro- 
vided excellent palliation and low mortality 
rates in carefully selected patients, especially 
when combined with such additional palliative 
procedures. Contraindications to cavopulmo- 
nary anastomosis included correctable lesions, 
pulmonary hypertension, and age less than 6 
months [42, 43]. 


The Charlotte Studies 
We began our experiments with cavopulmo- 
nary anastomosis in 1953 [44], and the initial re- 
sults were published in the 1956 volume of Acta 
Medica Scandinavica [31]. In these experiments 
as well as in follow-up studies [45], we found 
that if the azygos vein is left uninterrupted 
while the cavopulmonary shunt is performed, 
the anastomosis can be accomplished with a 
very low surgical mortality. Over the long range 
it remains angiographically patent, pressure 
in the superior caval vein returns to near nor- 
mal, and oxygen uptake of the two lungs re- 
mains comparable. The following advantages of 
cavopulmonary anastomosis as compared to 
shunts between the subclavian artery or aorta 
and the pulmonary artery were enumerated 
based on these experiments: (1} the operation 
places no hemodynamic burden on the heart; 
(2) it does not carry the potential of pulmonary 
hypertension; (3) it supplies “pure” venous 
blood to the lungs; and (4) technically it is sim- 
ple, even in small children. 

Our first clinical case was an 11-year-old boy 


with complete transposition of the great vessels 
and tricuspid atresia who underwent cavopul- 
monary anastomosis on January 9, 1959, and 
who more than twenty years later is still doing 
well [18, 46, 47]. During the next twelve years 
we operated upon an additional 52 patients, 
using a similar surgical technique for a vari- 
ety of congenital heart conditions, including 
tricuspid atresia, Ebstein’s disease, transposi- 
tion of the great vessels with pulmonary 
stenosis, right ventricular atresia, peripheral 
stenosis of the pulmonary artery, and tetral- 
ogy of Fallot [46, 48-50]. There were 5 hospi- 
tal deaths, but clinical results were generally 
gratifying in the rest of the patients. In our 
late follow-up studies, special attention was 
given to what we called the “azygos steal syn- 
drome,” i.e., loss of caval blood flow through 
the azygos vein if that vessel is left unligated. 
We found that it is highly desirable to maintain 
the integrity of the azygos vein during perfor- 
mance of the cavopulmonary anastomosis, a 
maneuver that eliminated the need for the more 
complicated temporary bypass recommended 
by Carlon and associates [3] and later Fenn [51]. 
After the anastomosis is completed, however, 
the azygos vein should be ligated to prevent 
“steal” of blood from the superior caval area, 
which would decrease the efficiency of the 
cavopulmonary shunt [52]. 

The patterns of pulmonary blood flow were 
also studied in some of our patients in long- 
range clinical observations. Using radioactive 
macroagegregates injected into the right an- 
tecubital and femoral veins, we found no 
cross-circulation between the two lungs. There 
was, however, underperfusion of the right 
upper lobe [47, 53], an observation also con- . 
firmed by Czech investigators [54]. 

In the 1960s we performed a series of experi- 
ments [49, 56-59] in which cavopulmonary 
anastomosis was used in combination with 
other varieties of venopulmonary and veno- 
atrial shunts. One such series of studies was 
aimed at developing a new operation for pallia- 
tion of transposition of the great vessels by, 
first, performing a cavopulmonary anastomo- 
sis, thus allowing venous blood to enter the 
right lung, and secondly detaching the right 
pulmonary veins from the left atrium and im- 


etd 
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planting them into the central stump of the 
divided superior caval vein, thus assuring that 
the entire blood flow of the right lung drains 
into the “systemic” atrium. Nine of our 24 ani- 
mals were lost in the postoperative period, but 
in most long-term survivors both anastomoses 
were found to be patent and well functioning 
[58]. 

In another series of studies [49, 57—59] an ef- 
fort was made to bypass the right heart com- 
pletely, a feat often attempted but never accom- 
plished in chronic experiments. Because of the 
success of the cavopulmonary shunt, at first we 
tried to achieve complete circulatory exclusion 
of the right heart by draining both caval veins 
into the pulmonary artery. This has also been 
attempted by others using heterografts or 
anastomosing the superior caval vein to the 
main pulmonary artery and the inferior vena 
cava to the distal stump of the divided right 
pulmonary artery [33, 60]. No survivors were 
reported. We also experimented with four vari- 
eties of shunts between the two venae cavae 
and the pulmonary artery, but lost all our ani- 
mals during or shortly after completion of the 
procedure. 

From these experiments we concluded that 
apparently both superior cava~pulmonary ar- 
tery and inferior cava~pulmonary artery shunts 
lead to some degree of elevation of venous pres- 
sure in the respective areas. But whereas this 
pressure is well tolerated in the upper part of 
the body, which lacks large venous reservoirs, 
the lower part, especially the splanchnic area, 
reacts with such a pooling of blood that it is in- 
compatible with compensated circulation and 
survival. It became evident that in trying to 
achieve complete bypass of the right heart, an 
area other than the pulmonary artery had to be 
found into which the blood from the lower 
body could be drained. This principle of 
physiological incompatibility of inferior cava— 
direct pulmonary artery anastomosis was pre- 


sented in 1962 [46] and became a cornerstone of - 


later right ventricular bypass procedures such 
as the Fontan operation. To us at that time, 
transplantation of the inferior vena cava into 
the left atrium as described by Gerbode and 
Hultgren [61] and by Hanlon [62] appeared the 
logical procedure to combine with superior 


vena cava-right pulmonary artery anastomosis. 
With the experimental combination of these 
two operations [46] some of our animals sur- 
vived longer than four years [57, 58]. Although 
we ended up with “a procedure for which a 
disease was yet to be found,” these experi- 
ments proved for the first time that complete 
bypass of the right heart could be accomplished 
with long-term survival and compensated cir- 
culation. 


Other Investigators 

Besides the four groups already discussed, 
other surgical teams have also made important 
contributions to the study of the fascinating 
anatomical and hemodynamic situation one 
may find after cavopulmonary shunt. 

Sauvage and co-workers [63] reported prefer- 
ential growth of the cavopulmonary anas- 
tomosis as compared to a Blalock shunt in the 
same patient. Haller and his colleagues [64] 
studied the feasibility of anastomosing the 
superior caval vein end-to-side to the pulmo- 
nary artery, thus shunting the superior caval 
blood into the circulation of both lungs instead 
of only the right lung. Johnson [65] used an 
internal caval shunt to ensure drainage of caval 
blood into the right atrium while side-to-end 
cavopulmonary anastomosis was performed to 
prevent venous stasis in the upper body. Brea 
and associates, using a square-wave electro- 
magnetic flowmeter, found that in long-range 
experiments the flow through the anastomo- 
sis remained comparable to the preoperative 
superior vena caval blood flow, suggesting 
that pulmonary resistance is decreased in the 
right lung. Boruchow and coauthors [66] pub- 
lished observations relative to the late de- 
velopment of superior vena cava syndrome due 
to progressive decrease of blood flow to the 
right lung in some patients with cavopulmo- 
nary anastomosis. Substantial improvement 
was obtained in every case by adding a sys- 
temic artery—left pulmonary artery shunt or by 
repairing the underlying anomaly. Bargeron 
and Edwards [67] put forward the hypothesis 
that some operative deaths in small infants who 
undergo cavopulmonary shunting may be 
caused by hypovolemic shock and by an acute 
increase in blood viscosity, both of which may 
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be prevented with appropriate measures. 
Bargeron, Karp, and Garcia [68] enumerated 
factors that may be responsible for delayed de- 
terioration of the cavopulmonary anastomosis 
in some patients. These were: acquired pulmo- 
nary atresia, development of new venous col- 
laterals, pulmonary vascular disease, restrictive 
atrial communication, closure of ventricular 
septal defect, thrombosis of the innominate 
vein, or reopening of the superior cava—right 
atrium junction. For the last complication, 
Bailey and associates [69] recommended non- 
operative wafer-occlusion of the patent cavo- 
atrial communication. l i 

Sterling Edwards reemphasized the im- 
portance of the way the azygos vein is handled 
during and after the completion of cavopulmo- 
nary anastomosis. He and Bargeron proposed 
a most ingenious maneuver of delayed occlu- 
sion of the azygos vein without additional 
thoracotomy, thus preventing both acute ve- 
nous stasis in the immediate postoperative pe- 
riod and “azygos steal” at a later stage [70]. To 
accomplish the same end, delayed preatrial li- 
gation of the superior vena cava itself was later 
advocated by Gazzaniga and associates [71] 
and Hiebert and his co-workers [72]. Differ- 
ent investigators, including Symbas [73] and 
Palacios-Macedo [74] and their colleagues, have 
called attention to the dangers of elevated cere- 
bral venous and cerebrospinal pressures during 
and after the performance of cavopulmonary 
shunts. 

Furuse, Brawley, and Gott [75] presented a 
most unusual experimental technique to induce 
pulsatile flow through the cavopulmonary 
anastomosis by leaving an excluded portion of 
the right atrium in continuity with the superior 
vena cava. 


Comment 
Evaluating in retrospect the procedure called 
cavopulmonary shunt, the question naturally 
arises: What did these two decades of intensive 
experimental and clinical research accomplish? 
Some of the results should undoubtedly be 
measured in terms of the very large number of 
patients, probably in excess of a thousand, who 
have been operated upon with beneficial re- 
sults using this novel method. Cavopulmonary 


anastomosis proved preferable in a number of 
pathological states to systemic artery—pul- 
monary artery shunts, and in some congeni- 
tal anomalies that had not been amenable to 
palliation before, it became the procedure of 
choice. End-to-end and end-to-side cavopul- 
monary anastomosis has been applied by surgi- 
cal groups all over the world [8, 10, 15-17, 20, 
21, 24, 27, 29, 30, 34-39, 41, 42, 45-48, 50, 51, 
53, 55-58, 64-66, 72, 75, 76-116]. While satis- 
factory long-range results were obtained in 70 
to 85% of the cases, it should be noted that early 
and late complications were not infrequent, and 
in some conditions, such as defective develop- 
ment of the right ventricle or atrioventricular 
canal associated with pulmonary stenosis, the 
results were generally disappointing [94]. 
Another benefit we have obtained from our 
experiences with cavopulmonary anastomosis 
was the impetus it provided to better under- 
standing of the function of the right heart and 
pulmonary circulation. The principle of the 
cavopulmonary shunt, i.e., that venous blood 
may enter and pass through the pulmonary cir- 
culation without the pumping action of the 
right ventricle, is based on the postulate of Wil- 
liam Harvey, who in 1628 identified the right 
ventricle as a pump which “drives the blood 
through these very lungs from the vena cava to 
the region of the left ventricle.” He also recog- 
nized the additional “pumping” effect of the 
lungs themselves, stating that “the continual 
rising and falling of the lungs in respiration 
must open and close the vessels and porosities 
as in a sponge, or a thing of similar structure, 
when it is compressed and allowed to expand.” 
This dual concept of the pulmonary circulation 
was further elaborated by Magendie, who in 
1842 stated: “When lungs expand, they attract 
air and blood at the same time” [117]. 
Experimental support for this theory was 
given in 1876 by Lichtheim, who demonstrated 
that inspiration and insufflation under positive 
pressure have opposite effects on pressure in 
the pulmonary artery [118]. One year later, 
d’Arsonval proved that distention of the chest 
cavity increases blood flow to the lungs [119]. 
This interrelation between blood flow and 
respiration was emphasized by several inves- 
tigators of both the nineteenth and twentieth 
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centuries. Until the cavopulmonary shunt con- 
clusively proved the validity of the concept, we 
surgeons never fully understood its possible 
relevance in clinical situations. It presented us 
not only with a new operative procedure, a very 
viable alternative to the Blalock or Potts shunt, 
but also opened the way to development of new 
operations such as the Fontan procedure, which 
not only is based on the principle of low- 
pressure pulmonary flow and right ventricular 
bypass but initially included cavopulmonary 
anastomosis as an integral part of the operation. 

The next question that arises is: Why is the 
cavopulmonary anastomosis hardly used any- 
more? If we are frank about it, we have to admit 
that even when the procedure was at the peak 


of its popularity, it was not avery popular oper-. 


ation. The main reason for this was the appar- 


ent irreversibility of the procedure, a view best. 


expressed by Frank Gerbode: “Some of these 
cyanotic patients die after open repair because 
there just isn’t enough open pulmonary vascu- 
lar bed. If half or part of it has already been sac- 
rificed for this anastomosis, to my mind it is 
gone forever” [89]. This “postulate of irreversi- 
bility” is only partially correct, because there 
are several reports in which restitutio ad in- 
tegrum has been accomplished years after a 
cavopulmonary shunt. This type of reconstruc- 
tion, however, as remarked by Claxton and 
Sabiston, “has been noted for failure” [81], and 
in 1968 they recommended that at the time of 
repair of the underlying anomaly, the cavopul- 
monary shunt should simply be left intact, 
which can be done with apparent impunity. 
Nevertheless, Gerbode’s view has persisted as a 
serious obstacle to widespread use of the pro- 
cedure. 

Another shortcoming of the cavopulmonary 
shunt is that it has yielded poor results in very 
small infants. This was especially disappoint- 
ing because one of the reasons the operation 
was developed was that technically it appeared 
to be more feasible than the Blalock anas- 
tomosis in small patients. As it turned out, 
however, in the desperately ill small infant, 
blood flow through the anastomosis remained 
low and the mortality of the procedure proved 
to be forbiddingly high [64, 94]. 

Another reason for the decrease in popularity 


of the cavopulmonary shunt was that rapid 
progress in surgical technique, extracorporeal 
perfusion, anesthesia, and postoperative care 
made complete repair of congenital anomalies 
safer at a much earlier age, thus eliminating the 
need for “first-stage” palliative procedures. 

Last, but not least, the development of the 
more radical procedures of Fontan, Kreutzer, 
Bjork, and others removed tricuspid atresia 
from the diseases for which cavopulmonary 
shunt is the procedure of choice. 

The last question to be answered is: Should 
we continue to perform cavopulmonary anas- 
tomosis? In tetralogy of Fallot, atresia of the 
main pulmonary trunk, or peripheral stricture 
of the pulmonary artery, probably we should 
not. In these anomalies a primary repair can 
usually be done at a relatively early age, and if 
not, a Blalock shunt, because of its potential for 
being easily ligated at the time of secondary re- 
pair, may be a more appropriate procedure. 

What about Ebstein’s anomaly, tricuspid 
atresia, or transposition of the great vessels with 
ventricular outflow tract obstruction? For all 
these conditions we now have more radical 
procedures that achieve, if not anatomical, at 
least close to normal hemodynamic repair. But 
at what price? Practically all these newer meth- 
ods leave the patient with a homograft or with 
synthetic conduits or valves, which are notori- 
ous for their bad track record, especially in 
children, especially if they are small, and espe- 
cially if we place these devices to the venous 
side. Sir Russell Brock said more than twenty 
years ago: “The introduction of foreign material 
into the body is rarely acceptable, safe or satis- 
factory as a long-term policy. A piece of inert 
material buried in some relatively inactive part 
of the body may give no trouble. But here it is 
proposed that itis safe, and is sound surgery, to 
introduce foreign material into one of the most 
active parts of the body” [120]. In our ambitious 
efforts to perform a “complete” repair, we often 
tend to forget Brock’s words, just to be re- 
minded of them weeks, months, or years later 
when we encouriter the same patient with a 
disintegrating homograft valve or a thombosed 
conduit. : 

Early results following the Fontan operation 
are spectacular: the patients experience strik- 
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ing improvement. Concern remains, however, 
about the high surgical risk and early and late 
postoperative complications. Even patients 
who are “doing well” often experience pleural 
effusion, ascites, or hepatomegaly, and all have 
elevated venous pressure of varying degree. 
Whereas patients with cavopulmonary anas- 
tomoses have their share of postoperative 
problems [66], in experienced hands survival 
has been excellent and the long-term results 
remain good. The 10 patients operated upon 
by Glenn and associates [34] for tricuspid atre- 
sia all did well during an observation period 
ranging up to eight years. Similar observations 
were made by Trusler and Williams and their 
co-workers [115], who followed 19 patients with 
that same disease who were all alive ten years 
after cavopulmonary shunting. It must be 
noted, however, that six to eight years follow- 
ing initial satisfactory results, supplemental 
systemic artery-pulmonary artery shunts had 
to be created in several patients in both series 
because of gradual clinical deterioration. In our 
first patient excellent palliation was observed 
for twenty-one years, after which he developed 
increasing hypoxemia, his hematocrit rose, and 
his blood viscosity increased. Two years ago 
we added a left subclavian artery~pulmonary 
artery anastomosis to his still well functioning 
cavopulmonary shunt, after which his hypox- 
emia greatly improved and his hematocrit 
dropped to an acceptable level. He is now do- 
ing well and working full-time again. 

This paper, which describes the history of 
development, the physiology, and the clinical 
results of cavopulmonary anastomosis, is in- 
tended to be an epitaph for an operation now 
defunct. Or is it? 
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THORACIC SURGERY QUIZ: ANSWERS 


1. Answer D 

Bronchopulmonary aspergillosis is caused by an oppor- 
tunistic fungus, Aspergillus fumigatus. Three clinical syn- 
dromes are recognized: 


1. Allergic bronchitis resembles asthmatic bronchitis, with 
-wheezing, cough, and roentgenographic appearance of 
transient recurring pulmonary infiltrates. It is usually 
self-limited. 

2. Invasive or septicemic pulmonary aspergillosis produces 
a necrotizing bronchopneumonia, hemorrhagic infarc- 
tion, or lung abscess. This pattern is most often seen in 
patients with impaired immune responses—typically 
patients under treatment for malignancies or receiving 
immunosuppressive therapy in connection with trans- 
plantation. The syndrome may also occur in patients re- 
ceiving antibiotics, steroids, or antituberculosis therapy. 

3. Saphrophytic infestation of preexisting pulmonary 
cavities, such as those of chronic lung abscess, tuber- 
culosis, and neoplasm, creates an aspergilloma or “fun- 
gus ball.” This is a rounded, necrotic mass of matted 
hyphae, fibrin, and inflammatory cells that usually lies 
free in the cavity and can change its location as the pa- 
tient changes position. A crescentic lucency adjacent to a 
rounded mass within a cavitary lesion is almost patho- 
gnomic of an aspergilloma. The mat of mycelium occa- 
sionally acts as a bronchial valve, producing rapid 
enlargement of the cavity. Complications of the aspergil- 
loma include tension cavity, rupture, and bleeding. The 
cause of bleeding is unknown but is thought to be due to 
erosion of the vascular cavity wall by the free movement 
of the fungus ball. 


A diagnosis of aspergillosis cannot be made on the basis 
of routine sputum collection or tissue culture, since the or- 
ganism is airborne and ubiquitous. However, a serum pre- 
cipitin test is now available that is positive in more than 
90% of clinically active cases. 

REFERENCE 
Faulkner SL, Vernon R, Brown PP, et al: Hemoptysis and 
pulmonary aspergilloma: operative versus nonoperative 

treatment, Ann Thorac Surg 25:389, 1978 


2. Answer C 
The best surgical results are obtained when all of the dis- 
eased segments are removed. This entails excision of the 
middle lobe or the lingula as well, if it is affected with bron- 
chiectasis. Overall, 50 to 75% of the patients are cured or 
vastly improved by surgical resection. An additional 15 to 
30% have only mild residual symptoms. The remaining 5 to 
10% are classified as having poor results, which are related 
to inadequate surgical resection (failure to recognize and 
remove disease in lingula or middle lobe) and the develop- 
ment of complications. Wedge excision as a rule cannot be 
performed, because the necrotizing process does not re- 
spect anatomical boundaries. 
REFERENCE 
Glenn WWL, Liedbow AA, Lindskog GE: Thoracic and Car- 
diovascular Surgery with Related Pathology. Third edi- 


Ana 


tion. New York, Appleton Century Crofts, 1975, pp 201- 
202 


3. Answer A 
Ordinarily, the. aspergilloma is only of surgical interest 
when a complication, such as hemorrhage or the develop- 
ment of a tension cavity, occurs. Pulmonary resection is 
recommended only for those patients with recurrent epi- 
sodes of massive or severe hemorrhage, especially if it is 
coexistent with tuberculosis. In those patients having 
minor hemoptysis or a single severe bleeding episode, ob- 
servation and medical treatment are preferred, since the 
risk of subsequent massive hemoptysis is less than 10%. 
Operation is not recommended for the asymptomatic pa- 
tient, as some of the aspergilloma may disintegrate and dis- 
appear. However, these patients should be observed closely 
for the possible development of complications. 
REFERENCE 
Takaro T: Lung infections and interstitial pneumonopathy. 
In Sabiston DC Jr, Spencer FC (eds): Gibbon’s Surgery of 
the Chest. Third edition. Philadelphia, Saunders, 1976, p 
489 


4. Answer B 
Bronchiectasis may be defined as a chronic disease state 
characterized by dilatation of the bronchi with concomitant 
infection of the bronchial walls and pulmonary paren- 
chyma. Bronchiectasis may be the end result of a number of 
conditions, both congenital and acquired. Acquired infec- 
tion, such as measles, pertussis, and influenza, is the major 
causative factor. Intrinsic or extrinsic bronchial obstruction 
is another important causative mechanism. The disease 
may also occur in immunosuppressed patients. 
Bronchiectasis associated with an obstructive lesion may 
occur in any lobe. In the vast majority of cases, bronchiec- 
tasis is a disease largely of the lingula, the right middle 
lobe, and the basal segments of the lower lobes. Superior 
segments of the lower lobes are usually spared the disease 
process. 
REFERENCE 
Takaro T: Lung infections and interstitial pneumonopathy. 
In Sabiston DC Jr, Spencer FC (eds): Gibbon’s Surgery of 
the Chest. Third edition. Philadelphia, Saunders, 1976, p 
489 


5. Answer E 
Untreated bronchiectasis in general has a poor prognosis. 
The bronchi and surrounding poorly drained parenchyma 
are usually the seat of recurrent pneumonitis, and the in- 
fection may spread to other parts of the lung. Hemorrhage 
may occur, usually resulting from erosion of the bronchial 
arterial vessels in the walls of the sacs. In neglected cases, 
empyema usually develops. The rich vasculature of the lung 
provides an avenue for metastatic spread of infected mate- 
rial, with the subsequent development of brain abscesses. 
REFERENCE 
Glenn WWL, Liedbow AA, Lindskog GE: Thoracic and 
Cardiovascular Surgery with Related Pathology. Third 
edition. New York, Appleton Century Crofts, 1975, p 194 


CORRESPONDENCE 


Plasma Vasopressin 
during Cardiopulmonary Bypass 
To the Editor: 


The excellent study entitled “Plasma Vasopressin 
Levels and Urinary Sodium Excretion during Car- 
diopulmonary Bypass with and without Pulsatile 
Flow” by Levine and colleagues (Ann Thorac Surg 
32:63, 1981) clearly demonstrates that the massive in- 
crease in plasma vasopressin levels seen during car- 
diopulmonary bypass (CPB) with nonpulsatile perfu- 
sion is significantly attenuated if CPB with pulsatile 
perfusion is employed at the same level of mean 
arterial perfusion pressure. This study adds to the 
consensus already in the literature regarding the 
‘physiological superiority of pulsatile flow during 
CPB. 

The authors discuss the vasoconstrictor effect of 
high vasopressin levels, and rightly infer that the 
lower levels of peripheral vascular resistance in the 
group having pulsatile perfusion may be a direct ef- 
fect of the lower plasma vasopressin levels. They do 
not, however, make much of the possible etiological 
mechanisms involved in this vasopressin release, 
probably because this side of the picture is, at pres- 
ent, far from clear. 

Vasopressin release may be stimulated by at least 
three principal factors: (1) increase in plasma osmo- 
lality; (2) reduction in arterial blood pressure; and (3) 
increase in plasma angiotensin II levels. As indicated 
by Levine and colleagues, there were no significant 
changes in plasma osmolality throughout their 
study. Mean arterial blood pressure fell at the onset 
of CPB, and must be considered a major factor in the 
observed vasopressin release. Though the mean arte- 
rial pressure in both groups was not significantly 
different during CPB, the group having pulsatile 
perfusion certainly would experience peaks of sys- 
tolic pressure during bypass that would be signifi- 
cantly above the mean perfusion pressure in the 
nonpulsatile group. Such peaks of pulsatile pressure 
may, through baroreceptor reflex pathways, at- 
tenuate the vasopressin release response for equiva- 
lent levels of mean arterial blood pressure. 

As far as angiotensin II is concerned, previous 
studies have shown that plasma angiotensin II levels 
rise markedly during CPB with nonpulsatile perfu- 
sion [1], and that pulsatile perfusion is associated 
with significantly lower angiotensin II levels [2]. 
Using specific angiotensin II blockers, e.g., capto- 
pril, it might be possible to eliminate the stimulus of 
rising angiotensin H levels [3], and thus assess the 
comparative contributions of reduced arterial blood 
pressure and increased angiotensin II levels, to the 
observed vasopressin release. 

It is also worth noting that the vasoconstrictor 
effect of increased vasopressin levels is likely to be 
cumulative with that of increased angiotensin II 


levels, both contributing to the overall increase in 
peripheral vascular resistance. It is gratifying to note 
that there is now evidence to indicate that pulsatile 
perfusion attenuates both of these vasoconstrictor 
mechanisms. 


Kenneth M. Taylor, M.D., F.R.C.S. 


University Department of Cardiac Surgery 
Royal Infirmary 
Glasgow G4 OSF, Scotland 
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Scalene Node Biopsy 
To the Editor: 


With surprise I read the article by Schatzlein, 
McAuliffe, Orringer, and Kirsh entitled “Scalene 
Node Biopsy in Pulmonary Carcinoma: When Is 
It Indicated?” (Ann Thorac Surg 31:322, 1981). 
Twenty-two years after Carlens described medias- 
tinoscopy, I thought scalene node biopsy had be- 
come a matter of history. It has served its purpose 
usefully, paving the way for more advanced tech- 
niques: Harken’s cervicomediastinal exploration, 
mediastinoscopy, and anterior mediastinotomy. The 
results reported (8.9% positive biopsy in nonselected 
patients) lag far behind the yield obtained by 
mediastinoscopy in comparable (i.e., nonselected) 
patients. In my experience, mediastinoscopy has dis- 
closed positive nodes in 40% of all patients with pre- 
sumably resectable lung cancer and, in addition, 
has provided very valuable information for staging 
[1]. Similar and higher yields with mediastinoscopy 
have been reported by others [2-5]. 

I have great respect for the group from the Univer- 
sity of Michigan, but fail to see the point of excavat- 
ing scalene node biopsy in the absence of palpable 
nodes. 


Dov Weissberg, M.D. 


Edith Wolfson Hospital 
Holon 58100, Israel 
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Aortoventriculoplasty 
To the Editor: 


We read the article “Experience with Left Ventricular 
Apicoaortic Conduits for Complicated Left Ven- 
tricular Outflow Obstruction in Children and Young 
Adults” by Ergin and co-workers (Ann Thorac Surg 
32:369, 1981) with great interest. Their results in this 
group of patients with this difficult condition are 
impressive. 

In the discussion they mention the Konno opera- 
tion and refer to its “substantial operative risk.” 
Their assessment is based on a paper published in 
1979 after the initial use of the operation in 20 pa- 
tients. We think that paper showed that in the early 
developmental stages of the operation, death was 
related to the desperate condition of many of the pa- 
tients, since the mortality changed markedly after the 
first 10 patients had undergone operation. 

To balance the view of Ergin and colleagues, we 
report that as of October, 1981, 59 patients, mainly 
children and adolescents, had undergone this opera- 
tion at the University Clinic, Göttingen, West Ger- 
many, with a total of 7 deaths. Considering that the 
operation was introduced into clinical use with the 
first patients in this series, it is understandable that 
the indication was restricted to those who were criti- 
cally ill. It is no wonder, therefore, that mortality 
among the first 10 patients was high. If we exclude 
these first 10 patients, the mortality has been 4% (2 
deaths among 49 patients). We cannot agree that 
such a mortality denotes a “substantial operative 
risk” in patients with this serious condition. We 
continue to consider aortoventriculoplasty a good 


alternative to the apicoaortic conduit; it is definitely 
the more physiological approach. 


Per G. Bjørnstad, M.D. 
The National Hospital 
Oslo, Norway 


E. R. deVivie, M.D. 
University Clinic 
Géttingen, West Germany 
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Strut Snagging on Mitral Valve Prosthesis 
To the Editor: 


In “Prevention of ‘Strut-Snagging’ during Mitral 
Valve Replacement with Stented Tissue Valves,” 
Borman and Appelbaum (Ann Thorac Surg 32:209, 
1981) described a technique for preventing snagging 
of the struts during replacement of the mitral valve 
by the stent-supported bioprosthesis. This is a sim- 
ple and effective method that I have been using since 
late 1979, following its description by Dr. Carpentier 
in a booklet supplied by Edwards Laboratories. The 
booklet was published in October of that year and is 
titled “Carpentier-Edwards Bioprosthesis Implant 
Techniques.” 


Suhayl S. Saleh, M.D. 


Division of Cardiothoracic Surgery 
American University of Beirut-Medical Center 
Beirut, Lebanon 


Reply 
To the Editor: 


At the time we submitted our communication, we 
were not aware of the booklet supplied by Edwards 
Laboratories with Dr. Carpentier’s description of the 
techniques for implanting a stent-supported biopros- 
thesis. Other surgeons may be using a similar tech- 
nique, but to the best of our knowledge, the method 
has not been described in the thoracic surgical jour- 
nals. 

We thank Dr. Saleh for calling attention to Dr. Car- 
pentier’s description. 


Prof. J. B. Borman, F.R.C.S.E. 


Hadassah University Hospital 
Kiryat Hadassah, Israel 


REVIEW OF RECENT BOOKS 


Manual of Cardiac Surgery, Vol 1 

Edited by Bradley ]. Harlan, Albert Starr, M.D., 
and Fredric M. Harwin 

New York, Springer-Verlag, 1980 

204 pp, illustrated, $112 


Reviewed by William Y. Moores, M.D. 


This volume is part of a series of manuals on opera- 
tive techniques in all of the surgical subspecialties; 
the series attempts to update the technical aspects of 
surgical practice and to provide information regard- 
ing diagnosis and ancillary nonoperative aspects. 
The editorial note and prefaces describe the medi- 
cal illustrations and the depiction of “surgical 
stratagems” as the basis for publishing a new and 
expensive set of operative manuals. The reader is 
given some insight into the illustration process in a 
preface written by the illustrator along with the au- 
thors. 

This volume concentrates on general aspects of 
cardiac surgery (e.g., anesthesia, cardiopulmonary by- 
pass, use of cardioactive medications), and provides 
a detailed and well-illustrated sequence on coronary 
bypass grafting procedures, mitral valve replace- 
ment, and the simple congenital heart operations not 
requiring cardiopulmonary bypass. Operations on 
the aortic valve and congenital procedures requiring 
cardiopulmonary bypass are left for a second volume. 
This two-volume approach does not allow the cardiac 
surgeon dealing primarily with an adult practice to 
purchase only volume 1, nor does it allow the con- 
genital heart surgeon specialist to obtain all of the 
operative information from volume 2. Since the 
manuals are expensive, this division may not be the 
most economical for those limiting their practice to 
adults or children. 

The sections are comprehensive, but since the text 
is short some subjects receive only a cursory treat- 
ment. The anesthesia section devotes only a little 
more than four lines to the use of halothane anes- 
thesia in cardiac surgery. There are, of course, other 
books that deal exclusively with cardiac anesthesia, 
and in view of this it would seem questionable 
whether there should be texts on the various anes- 
thetic agents at all. On the other hand, the section 
on myocardial preservation is well written and in- 
formative, and skillfully condenses the vast contem- 
porary literature on this topic. This section, further- 
more, examines the whole field, from coronary per- 
fusion to normothermic ischemic arrest, and is not 
limited to the currently popular field of cardioplegic 
myocardial preservation. It is followed by a 125-item 
bibliography that includes recent publications. 


The greatest contribution of the book is in illus- 
trating the various operations. The illustrations, all 
in full color and in a style most often associated with 
Frank H. Netter, do clearly depict the procedures. 
The accompanying text is comprehensive and clearly 
written, and describes operative techniques that are 
sound and, I believe, in the mainstream of current 
surgical practice. The descriptions are detailed, and a 
few operations are covered well. However, the list of 
procedures covered is small and includes only coro- 
nary artery bypass procedures, mitral valve repair 
and replacement, patent ductus arteriosus ligation, 
coarctation repair, and two systemic pulmonary 
shunts (Blalock-Taussig and Waterston). 

The book provides an attractively packaged collec- 
tion of operative illustrations with a collection of 
well-developed principles that, if followed, should 
assist the practicing cardiac surgeon in achieving 
good results. The high price ($112.00) combined with 
the limited number of actual procedures illustrated 
constitutes the book’s principal shortcoming. 


San Diego, CA 


Cardiology Update 1981 

Edited by Elliot Rapaport, M.D. 

New York, Elsevier North Holland, 1981 
392 pp, illustrated, $29.95 


Reviewed by Larry W. Stephenson, M.D. 


Cardiology Update reviews current advances in the 
diagnosis and therapeutics of various cardiac disor- 
ders. Topics are covered from both the cardiological 
and cardiac surgical standpoint, and include coro- 
nary artery spasm, coronary artery bypass graft- 
ing, myocardial preservation, aortic dissection, and 
pacemakers. Various diagnostic procedures such as 
cardiac emissive tomography, ambulatory elec- 
trocardiographic monitoring, computerized inter- 
pretation of electrocardiograms, and phonocardiog- 
raphy ‘are evaluated. There are current reviews of 
pharmacological therapy and recently published 
clinical trials for hypertension and cardiac ar- 
rhythmias. 

This book is a valuable adjunct for both car- 
diologists and surgeons. It is a ready reference for 
patient care and a good source of current references 
for the preparation of conferences and manuscripts. 


Philadelphia, PA 


1983 Annual Meeting of 


The Society of Thoracic Surgeons 


The Nineteenth Annual Meeting of The Society of 
Thoracic Surgeons will be held at the San Francisco 
Hilton, January 17-19, 1983. 


APPLICATION FOR MEMBERSHIP 
(Deadline: September 1, 1982) 
Requests for application forms for membership in 
The Society of Thoracic Surgeons should be ad- 
dressed to Grady L. Hallman, M.D., Chairman, 
Membership Committee, The Society of Thoracic 
Surgeons, 111 E Wacker Dr, Chicago, IL 60601. 
The completed application forms and supporting 
letters must be in the hands of the Membership 
Committee by September 1, 1982, for the applicant 
to be ‘considered for election at the meeting next 
January. 


CALL FOR ABSTRACTS 

(Deadline: August 31, 1982) 

Abstracts for papers to be presented at the 1983 an- 
nual meeting are now being accepted. An original 
and 10 copies should be submitted, using the official 
Society abstract form (on verso of this page), to 
Vincent L. Gott, M.D., Chairman, Program Com- 
mittee (Abstracts), The Society of Thoracic Surgeons, 
111 E Wacker Dr, Chicago, IL 60601. Additional 
forms are available upon request from the Society. 
Abstracts must summarize an original contribution 
not presented or accepted for presentation else- 
where. Abstracts must be in the hands of the Pro- 
gram Committee by August 31, 1982. Abstracts re- 
ceived after the deadline will not be considered. It is 
requested that the covering letter indicate the author 
who is to receive notice of acceptance or rejection and 
the author who will present the paper. 

Essayists are reminded that according to the 
bylaws of the Society, all papers accepted for pre- 
sentation: (1) must be submitted in duplicate to the 
Secretary at the time of presentation or to the Editor 
of The Annals of Thoracic Surgery prior to presenta- 
tion; and (2) become the property of the Society if 
they are accepted for publication, in which case they 
may not be published other than in The Annals of 
Thoracic Surgery. 

It is well recognized that abstracts frequently belie 
their content by virtue of poor organization, and asa 
result valuable contributions to the Scientific Ses- 
sions may be unrecognized. It is important that 
methods and results be clearly defined in the 
abstract; therefore, general statements such as ‘‘re- 
sults will be presented” are not acceptable. When a 
procedure or method is stated to have “advantages,” 
those advantages should be defined. Abstracts that 
simply summarize results without defining objec- 
tives and methods are equally undesirable. 

Speakers for accepted papers are limited to 10 
minutes, 


Instructions for Abstracts 

The official abstract form printed on verso of this 
page and available from the Society, or photocopies 
thereof, must be used. Authors must categorize the 
principal subject of their abstract using the code at 
the top of the form, and insert the proper code in the 
box provided in the upper left corner of the form. 


. Full names of authors must appear on the abstract. 

. Institution or address is to be given, but omit ti- 
tles, degrees, and appointments. 

3. Abstracts must be limited to 250 words and must 
be typed double-spaced. 

4. When percentages are used, the absolute numbers 

of derivation must be stated. 

5. The body of the abstract should include: 

a. A brief statement of the purpose of the study 
being presented, with reference to the current 
state of research in the field. 

b. The methods of study or experimental ap- 

_ proach clearly, but briefly, defined. 

c. A summary of the results and/or conclusions of 
the study, including sufficient details to sup- 
port those conclusions, 

d. A statement concerning the significance of the 
work and its possible implications for futher 
research. 

6. The form must be signed by the senior author at- 
testing that the material will not be published 
elsewhere if accepted for publication in The An- 
nals of Thoracic Surgery. 


Nw 


In discussion of papers, the Society encourages a 
healthy spirit of constructive critical review and re- 
buttal by comments pertinent to the content of the 
paper being presented. Presentation of discussion in 
the form of “secondary papers” will not be wel- 
comed. 


CALL FOR SURGICAL FILMS 

(Deadline: August 31, 1982) 

The popular surgical movie program will again b2 
presented at the San Francisco meeting. The Program 
Committee hereby solicits the submission of surgical 
films, which may portray a surgical procedure cr 
simply a technical maneuver that the surgeon thinks 
will be of interest to the Society. The film may nct 
exceed 10 minutes in length. Sound movies are ac- 
ceptable but not necessary, and live narration by the 
principal surgeon is a requirement for participation 
in the movie night program. The movies may be on 
Super-8 or 16-mm film. The deadline for submission 
of films is August 31, 1982. Films also should be sent 
to Vincent L. Gott, M.D., Chairman, Program Cor- 
mittee, at the Society office, 111 E Wacker Dz, 
Chicago, IL 60601. 


W. Gerald Rainer, M.D. 
Secretary 
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length to one manuscript page if possible. Type double-spaced on pages separate from the text. 
Provide a brief title for each table. 


Figure Legends. Type double-spaced on pages separate from the text. Do not paste or fasten to illus- 
trations. Provide one legend for each illustration or grouped illustrations. Number in sequence. 
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(Glass-mounted slides should not be sent through the mail.) 


Authors are referred to Guidelines for Data Reporting (Ann Thorac Surg 24:398, 1977; see also Er- 
ratum, Ann Thorac Surg 25:35, 1978) for appropriate terminology and methods of data analysis to be 
used in submitted manuscripts. Papers with studies and analyses (or needing them) are routinely 
submitted to a biostatistician for critique of statistical methodology and accuracy. 


Obtain and submit with the manuscript written permission to use nonoriginal material (quotations 
exceeding 100 words, any table or illustration) from both author and publisher of the original. 
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DR. BENJAMIN L. AARON, Associate Professor of Thoracic Surgery, George Washington University Hospital, Washington, 
D.C. DR. JOHN R. BENFIELD, Chief, Division of Surgery, City of Hope National Medical Center, Clinical Professor of Surgery, 
UCLA School of Medicine, Duarte, California. DR. WALTER H. BROTT, Professor of Surgery, Division of Thoracic Surgery, 
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Illinois. DR. FLOYD D. LOOP, Chairman, Department of Thoracic and Cardiovascular Surgery, Cleveland Clinic Foundation, 
Cleveland, Ohio. DR. FREDERICK C. LOUGH, Assistant Professor of Surgery, Thoracic Surgery, Uniformed Services Universi- 
ty of the Health Sciences, Assistant Chief, Thoracic Surgery Service, Walter Reed Army Medical Center, Washington, D.C. DR. 
CHARLES McINTOSH, M.D., Ph.D., Acting Chief, Clinic of Surgery, National Heart, Lung and Blood Institute, Bethesda, Maryland. 
Dr. MITCHELL MILLS, Clinical Professor of Surgery, George Washington University Medical College, Washington, D.C. DR. 
WILLIAM P. NELSON, Professor of Medicine, Division of Cardiology, University of Kansas, Kansas City, Kansas. DR. MARK 
M. RAVITCH, Professor of Surgery, Surgeon-in-Chief, Montefiore Hospital, University of Pittsburgh, Pittsburgh, Pennsylvania. 
DR. ROBERT L. REPLOGLE, Professor of Surgery, University of Chicago, Director, Division of Cardiac Surgery, Michael Reese 
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Uniformed Services University of the Health Sciences, Cincinnati, Ohio. DR. CONSTANTINE TATOOLES, Professor of Surgery, 
University of Illinois, Abraham Lincoln School of Medicine, Chicago, Illinois. DR. ROBERT B. WALLACE, Professor and Chair- 
man of Department of Surgery, Georgetown University Medical Center, Washington, D.C. DR. SHERWYN E. WARREN, Clinical 
Associate Professor of Surgery, University of Illinois, Abraham Lincoln School of Medicine, Chief, Section of Thoracic & Car- 
diovascular Surgery, Lutheran General Hospital, Park Ridge, Illinois. DR. HARRIS B SCHUMACKER, JR., Professor and Senior 
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CLASSIFIED ADS 


Classified ads for meeting announcements, postgraduate 
courses, and positions wanted or available must relate only 
to the thoracic and cardiovascular surgical specialties. All 
ads are subject to the approval of the Editor, and material 
deemed inappropriate for publication in The Annals will be 
rejected. The charge for all classified advertising is $25.00 
per 50 words per issue. Prepayment is required. 

Please submit full information with each ad, including 
name, address, and telephone number of contact person. If 
anonymity is desired when advertising a position wanted 
or available, please indicate this at the time of submission 
and a code number will be assigned. All responses received 
will remain confidential in the publisher’s office and will be 
conveyed to the advertiser shortly after receipt. 

Ads must be submitted no later than eight weeks prior to 
the publication month of the desired issue. Send ad and 
nonrefundable check (in the amount of $25 for every 50 
words times the number of issues the ad is to run), payable 
to The Annals of Thoracic Surgery, 400 North Ingalls, Box 
050, University Hospital, Ann Arbor, MI 48109. 


Please note that The Annals does not function as a placement 
service and cannot provide information on advertised po- 
sitions. When answering advertisements, please write indi- 
vidually to each advertiser you wish to contact, using the 
address given in the ad. 


SITUATIONS WANTED 





Cardiovascular surgeon, 32, ABIM, ABS pending, currently 
training in major heart surgery center, desires position in 
growing private practice in July, 1983. Will consider any 
geographical area but association must lead to full partner- 
ship within three years. Clinical research interests. Cur- 
riculum vitae and references on request. 


Please respond to W-317, The Annals of Thoracic Surgery, 
34 Beacon St, Boston, MA 02106. 

Lee Ee 
Thoracic surgeon, 47, ABTS, community oriented, currently 
in private practice. Wishes to relocate in eastern U.S. in 
community with need. Curriculum vitae and bibliography 
available on request. 


Please respond to W-318, The Annals of Thoracic Surgery, 
34 Beacon St, Boston, MA 02106. 

n Ia aIaIaaaaaMŘŮĖōŐ—— 
Experienced cardiac anesthesiologists now in major univer- 
sity center desire full-time cardiac/vascular/thoracic private 
anesthesia practice. Board certified; recipients of top car- 
diac anesthesia fellowships; ages, under 40 years. Ready to 
provide year-round, 24-hour expert coverage for busy, 
quality-oriented cardiovascular and thoracic surgery group. 


Please respond to W-321, The Annals of Thoracic Surgery, 
34 Beacon St, Boston, MA 02106. 





SITUATIONS AVAILABLE 
> 
Fellowship in pediatric cardiovascular and thoracic 
surgery. One-year program beginning July 1, 1982, and 
January 1, 1983, includes emergency newborn surgery as 
well as elective closed and open cardiac surgical procedures 
(250 to 300 cases per year). 


Please respond with curriculum vitae to A-293, The Annals 
of Thoracic Surgery, 34 Beacon St, Boston, MA 02106. 
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Board-certified or eligible thoracic-cardiovascular surgeon 
wanted by 20-doctor multispecialty group located in central 
Florida. Candidate will complement two other thoracic- 
cardiovascular surgeons. Excellent location and benefits 
make this opening extremely attractive. 


Contact Richard L. Cassady, M.D., Gessler Clinic, P.A., 635 
First St, N, Winter Haven, FL 33880; tel: (813) 294-0670. 





Cardiovascular surgeon. Opportunity for recently trained 
ABTS-eligible or certified surgeon in adult open-heart 
surgery service. Opportunity for clinical research. Full-time 
salaried position. One-year appointment with career 
potential for right individual. 


Please respond with full curriculum vitae to A-368, The An- 
nals of Thoracic Surgery, 34 Beacon St, Boston, MA 02106. 





Special Fellowships in cardiac surgery available at Cleve- 
land Clinic Foundation. Positions offer extensive surgical 
and clinical experience. Emphasis on acquired heart dis- 
ease. 


Please respond with curriculum vitae to Floyd D. Loop, 
M.D., Chairman, Department of Thoracic and Cardiovas- 
cular Surgery, Cleveland Clinic Foundation, 9500 Euclid 
Ave, Cleveland, OH 44106. 
n 
Fellowship in thoracic surgery available annually at M. D. 
Anderson Hospital, Houston, TX, beginning July 1, 1983. 
This program concentrates primarily on thoracic surgical 
oncology, and deals with a large variety of pulmonary, 
mediastinal, esophageal, and noncardiac vascular cases. 
One-year clinical fellowship certified by M. D. Anderson 
Hospital and Tumor Institute. Two-year programs available 
for candidates desiring research and further academic op- 
portunity. Minimum requirements for applicants are board 
certification or eligibility in general surgery. 


Apply to Dr. Clifton F. Mountain, Department of Thoracic 
Surgery, M. D. Anderson Hospital, 6723 Bertner Ave, 
Houston, TX 77030. 
aeaaaee 
The Department of Surgery at The Children’s Hospital of 
Philadelphia-University of Pennsylvania has an opening 
for a pediatric cardiac surgeon to serve as Director of the 
Division of Cardiovascular Surgery at The Children’s Hos- 
pital. Applicants must be board certified and have proven 
experience in advanced pediatric cardiac surgery as well as 
demonstrated qualifications to run an educational and re- 
search program. The Children’s Hospital of Philadelphia is 
an equal opportunity/affirmative action employer. 


Interested applicants should contact and send curriculum 
vitae to James A. O'Neill, Jr., M.D., Surgeon-in-Chief, The 
Children’s Hospital of Philadelphia, 34th and Civic Center 
Blvd, Philadelphia, PA 19104; tel: (215) 387-6058. 
aaaea aaa I IaIuIMŘmmmamamamaaaaaaaaammummaiIiħio 
Excellent opportunity for thoracic and peripheral vascular 
surgeon to join busy group practice in Long Island, NY, 
area. No open-heart surgery. Board certification or eligibil- 
ity required. 


Please respond to A-377, The Annals of Thoracic Surgery, 34 
Beacon St, Boston, MA 02106. 





Eastern university medical center announces the availabil- 
ity of a full-time academic position at the assistant profes- 
sor level in cardiothoracic surgery. Research, clinical, and 
teaching responsibilities will cover both cardiac and general 
thoracic surgery; evidence of scholarly activity in these 
areas is required. Applicants must be board eligible or cer- 
tified, and must have a strong interest in surgical research 


and education as well as patient care. An equal op- 
portunity/affirmative action employer. 


Please respond with curriculum vitae by August 15, 1982, to 
A-378, The Annals of Thoracic Surgery, 34 Beacon St, Bos- 
ton, MA 02106. 
$A 
Private practice opportunity for cardiovascular surgeon. 
Assist in developing and organizing a new cardiac surgery 
program in 280-bed hospital. Two years of demonstrably 
good experience required. Rocky Mountain location. 


Please send curriculum vitae and references to A-380, The 
Annals of Thoracic Surgery, 34 Beacon St, Boston, MA 
02106. 
Aa 
Cardiothoracic surgeon wanted to start new cardiac surgery 
program in university-affiliated community hospital in the 
Northeast. Program approved by HSC and state. Applicants 
must be board certified or eligible. Some practice experi- 
ence preferred. Position available immediately 


Please respond with curriculum vitae to A-382, The Annals 
of Thoracic Surgery, 34 Beacon St, Boston, MA 02106. 
eee 
Experienced, board certified cardiovascular surgeon 
wanted to join active three-member midwestern group 
doing general thoracic, open-heart, and peripheral vascular 
surgery. Preference given to an assistant professor or as- 
Sociate professor in an active thoracic clinic and with inter- 
est in research and writing. 


Please respond with curriculum vitae to A-386, The Annals 
of Thoracic Surgery, 34 Beacon St, Boston, MA 02106. 
eee 
Board certified thoracic and vascular surgeon needed to 
join very busy three-man group in central Florida. Exten- 
sive vascular experience desirable, including pacemakers 
and dialysis access. Large multifaceted hospital setting in 
prime area. 


Respond with curriculum vitae to A-387, The Annals of 
Thoracic Surgery, 34 Beacon St, Boston, MA 02106. 
SS 
Cardiovascular and thoracic surgeon seeking board eligible 
or certified candidate for partnership, to begin in near fu- 
ture. Associated with growing cardiac program located in 
the Southeast. 


Please respond with curriculum vitae to A-388, The Annals 
of Thoracic Surgery, 34 Beacon St, Boston, MA 02106. 
eee 
Cardiovascular and thoracic surgeon wanted for growing 
practice on the West Coast. Applicant must be ABTS eligi- 
ble or certified. 


Please send curriculum vitae to A-389, The Annals of 
Thoracic Surgery, 34 Beacon St, Boston, MA 02106. 
eS 
General thoracic surgical group in suburban Boston seeks 
new associate. Must be board certified or eligible. 


Please submit resume and curriculum vitae to A-390, The 
Annals of Thoracic Surgery, 34 Beacon St, Boston, MA 
02106. 
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Cardiac surgeon wanted to join newly established program 
in Intermountain West. 


Please send curriculum vitae and inquiries to A-391, The 
Annals of Thoracic Surgery, 34 Beacon St, Boston, MA 
02106. 

eee 
Cardiovascular and thoracic surgeon needed to join busy, 
private group practice; predominately open-heart but also 
thoracic and vascular surgery. Midwestern location. Would 
prefer recent graduate. 


Please respond to A-392, The Annals of Thoracic Surgery, 34 
Beacon St, Boston, MA 02106. 
ee NO 
Board certified or eligible thoracic surgeon wanted to join 
three-man corporation in Pittsburgh, PA. Peripheral vas- 
cular, general thoracic, pacemaker, and open-heart surgical 
expertise required. 


Please send curriculum vitae to M. L. Cohen, M.D., 4815 
Liberty Ave, Pittsburgh, PA 15224; tel: (412) 683-2533. 
eee 
Opportunity for cardiac surgeon in small group private 
practice. Tertiary referral center with active teaching pro- 
gram and fully equipped hospital, including advanced lab 
facilities, CT scanner, oncology program, cath lab, cardiac 
surgery, neurosurgery, dialysis, and other facilities, with a 
service area of 300,000 or more. Unspoiled university city 
on Lake Superior offers outstanding recreational oppor- 
tunities. 


Please contact J. C. Wojcik, M.D., Chairman, Recruitment 
Committee, Marquette General Hospital, 420 W Magnetic 
St, Marquette, MI 49833; tel: (906) 228-9440, ext. 434. 
eee 
Cardiothoracic and vascular surgeon wanted for busy pri- 
vate practice in Orange County, CA. Prefer applicant with 
recent training. Must have California license and be ABTS 
certified or eligible. Excellent salary and benefits; potential 
for full partnership. 


Please respond with curriculum vitae to A-396, The Annals 
of Thoracic Surgery, 34 Beacon St, Boston, MA 02106. 
eee 
Active cardiac and general thoracic surgery group in 
Pennsylvania looking for associate. Opportunity available 
immediately. Private, hospital-based practice. 


Please respond to A-399, The Annals of Thoracic Surgery, 34 
Beacon St, Boston, MA 02106. 
SL 
Established multispecialty group of 50 physicians is seek- 
ing a cardiovascular surgeon to join an active cardiology 
department consisting of two recently trained board cer- 
tified invasive cardiologists. The new group medical facility 
and adjoining 181-bed, university-affiliated teaching hos- 
pital are initiating a cardiovascular surgery program. Can- 
didates must be board certified, and postresidency experi- 
ence is desirable. Competitive salary and excellent benefits. 
Attractive community of 132,000 with three universities of- 
fers fine cultural and recreational opportunities. 


Send curriculum vitae to Larry Solberg, Administrator, 
Dakota Clinic, Ltd., Box 6001, Fargo, ND 58108; tel: (701) 
280-3300. 
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_ Cordis Sequicor 6 


State of the Art in 
Automatic DDD Cardiac 
Pacer Design 





Adjustable Atrial Maintains full DDD function 
Refractory Periods while avoiding synchronization 
with retrograde conduction. 


_ Automatic DDD Mode Allows A-V synchrony 
\ to be maintained for maximum 
hemodynamic benefit. 


Four Programmable Optimizes ventricular filling, 
A-V Delays 


*Under clinical evaluation 


, Cordis. 


© Cordis Corporation 1982 Post Office Box 525700 Miami, Florida 33152-5700 U.S.A. Telephone: 800-327-2490 


Cordis Sequicor Technical Information. 


Sequicor, Model 233D Programmable Parameters 


Modes DDD, DVI, DAD, VDD, VAT, VVI, DOO, VET* VOO 
Minimum Pacing Rate, (Interval) 50 (1200), 60 (1000), 70 (857), 80 (750) 
Maximum Pacing Rate (Interval) 400 (600), 130 (461), 160 (375), 180 (333) 

Atrial Sensitivity, (mV) 0.8, 1.5, 7.0, OFF 

Ventricular Sensitivity, (mV) 0.8, 1.5, 2.5, OFF 

Atrial Output Pulse Duration, (ms) OFF, 0.5, 1.0, 1.5, 

Ventricular Output Pulse Duration, (ms) 0.5, 1.0, 1.5, 2.0, 

A/V Delay (ms) t 80, 120, 165, 250 


Atrial Tachycardia Response 
Fall Back Rate (Interval) 


Fall Back, 2:1 Block 
55 (1.090), 65 (932), 75 (800), 85 (706) 


Sequicor Nonprogrammable Parameters 











Output Current mA Output Voltage Pace Limit 
Atrial 5:5 4.2 195 ppm 
Ventricular 5.5 4.2 195 ppm 
a 
Other Specifications 
Radiopaque 
Weight Dimensions Specific Gravity Identification E.R.T. 
76gm 69x56x14mm 1.9 HG 4%Rate Decrease 
pS 
Power Source: 2 Lithium Cupric Sulfide Cells 
Sequicor Refractory Periods 
Total Atrial 
Atrial Total Total AIV Refractory 
Tachycardia Maximum Atrial Ventricular Programmed Following the 
Response Rate Refractory Refractory Delayt Ventricle Pulse 
2:1 Block 100ppm 600ms 302 ms 80 ms 520 ms 
120 480 
165 435 
250 350 
130ppm 461 ms 302 ms 80 ms 381 ms 
120 341 
165 296 
250 211 
160ppm 375ms 302 ms 80 ms 295 ms 
120 255 
165 210 
250 125 
180 ppm 333 ms 302 ms 80 ms 253 ms 
120 213 
165 168 
250 83 
Any Any 
Fall Back Maximum 305 ms 302 ms 80 ms 225ms 
Rate Rate 120 185 
165 140 
250 55 





* VET —Ventricular overdrive (ventricles externally triggered) 
+ During ventricular overdrive (VET), A-V delay = 6 to 20 ms 


Important Information 


Indications 
The Cordis Model 233D Sequicor 8 (Theta) pacer is atwo-channel pacer intended for 
permaneiit, two-chamber cardiac pacing. 


Adverse Effects 

The following list includes a number of complications related to pacer therapy that 
have been reported in the medical literature. Noninvasive techniques for assessing 
and managing such complications are available to the physician. Malfunctions occur 
randomly and may occur at any time after implantation. 

Complications Associated with Pacer Therapy 

Pacer — battery depletion, component malfunction, electromagnetic interference, 
decreased sensitivity 

Lead—unsatistactory electrode position, fracture displacement, penetration/ 
perforation of heart wall, faulty connection with pacer 

Body — reaction, infection/erosion, increase in stimulation threshold 
Contraindications 

Atrial-synchronized ventricular pacing and DDD sequential pacing modes are 
contraindicated for use in the presence of chronic atrial flutter or atrial fibrillation. 
If these conditions are demonstrated, atrial sensitivity can be programmed “off” 

to anonatrial sensing mode such as VVI. 

Caution: Investigational device. Limited by Federal (U.S.A.) law to investigational 
use. 
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Shiley has modified its proven S-100A oxygenator to include a High 
Efficiency Defoamer which effectively reduces gaseous microemboli 
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generation of perfusion products. 
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THAT’S THE BEAUTY OF 
INTERMEDICS COMPLETE LINE OF PACING LEADS 


Intermedics has a complete line of pacing leads to suit every physician's 
preference—from the newer PolyFlex® polyurethane to time tested 
LifeLine® silicone rubber leads. @ PolyFlex polyurethane leads are 
especially supple for easy maneuverability. Yet they are designed for 

long lasting durability and have proven to be exceptionally reliable in 
clinical use. @ There's an Intermedics lead for every pacing 
application, be it unipolar, bipolar, atrial, ventricular or dual chamber. 
A variety of endocardial models are available with either positive 
fixation trabeculae lodging tines or active fixation helical screws. 
Epicardial and myocardial options include both suture-on and 
sutureless models. @ In addition to standard connector configurations, 
Intermedics innovative Universal unipolar connectors and In-Line 
bipolar connectors are offered. ® Intermedics PolyFlex and LifeLine 
leads, like all of Intermedics cardiac pacing products, incorporate 
the finest materials and the latest technology for proven, reliable 
performance. To find out more about these beautiful leads, contact 
your nearest Intermedics representative. Or call us toll free at 


1-800-231-2330 (in Texas call 1-800-392-3726). 
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This 1000x scanning electron micro- 
photograph of the new GORE-TEX 
cardiovascular patch clearly shows 
the node-fibril arrangement that pro- 
vides multidirectional strength. 
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C GORE-TEX cardiovascular 
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C GORE-TEX vascular grafts 
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O Biocompatible, non-thrombogenic 

O Useful for a wide range of cardio- 
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The GORE-TEX cardiovascular patch 
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cular graft. 
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eral, great vessel reconstructive, and 
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of the other GORE-TEX vascular 
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Cerebral activity. 
See what's happening. 
tly. Easily. 


KIP 





esLUTUITUeT SLAC MTT. 
The slow-speed strip chart detailer provides 
easy-to-understand trends. A steady or rising 
trace indicates a stable or improving cerebral 
function. A falling trace can be an early warning 
of a deteriorating condition. There’s no need for 
extensive operator training or interpretation of 
complex graphs. 

The chart can be used in two modes: 
“average,” which clearly separates maximum, 
average, and minimum amplitudes, and 
“actual,” which appears as one band. 


Status at a glance. 
Bright, easy to read, LED displays tell you 


BRIEF SUMMARY 


INDICATIONS: Indicated for use in monitoring cerebral 
electrical activity. 

CONTRAINDICATIONS: This device is not designed, sold, 

or intended for use except as indicated. 

PRECAUTIONS: When monitoring children less than six 
months of age, position ground reference electrode approxi- 
mately 1.0 cm to either side of cranial mid-line. Avoid penetrating 
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activity instantly. Displays are updated at least 
every two seconds. 


Light, portable, inexpensive. 

The new CRITIKON Cerebral Function Monitor 
is particularly useful during complex surgical 
procedures such as open heart surgery or 
neurosurgery, and especially in comatose and 
drug overdose patients. It weighs only 19 lbs., so 
take it where you need it. And it’s surprisingly 
inexpensive. Ask your Critikon Representative 
for more information or call today— 


800-237-7541 (FL: 800-282-9151). 


anterior frontal lobe. Ground reference electrode must be 
applied to patient's head and no other part of body to prevent 
defibrillation voltage between active electrodes and ground 
reference electrode. Do not use in presence of flammable 
anesthetics 

CAUTIONS: Federal law restricts this device to sale by or on 
the order of a physician. 
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Cerebral Function 
Monitor 


‘STATUS 
LOOSE ELECTRODES 
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Unique Stent 
Flexibility: The Basis 
of a Better Design 


For over twenty years, American Edwards 
has been seeking solutions to the need for 
the ideal heart valve replacement. 


The result of this commitment is an engi- 


neering philosophy that considers every 
aspect of material selection and design for 
its impact on total valve performance. From 
biocompatibility of materials, to tissue 
preservation methods, to superior hemo- 
dynamics, no detail is left unaddressed. 

At the heart of our unique valve design 
is a wireform stent. It's engineered with 


built-in flexibility at both the orifice and the 
commissures intended to absorb the strel 
of loading shock caused by constant leaf 
let motion. 

Unlike polymer stents, there is no evi- 
dence to date of fatigue-related deformati 
over time. 


From Heart to Heart 

A wide range of wireform diameters allo 
us to adjust each stent to the natural, str 
tural geometry of the porcine valve. Caref 
mating of the wireform to the tissue pre- 





erves natural leaflet coaptation and total 
nctional integrity of the porcine valve, 
hile allowing a favorable annulus to orifice 
atio for superior hemodynamics. 
Following manufacture, every valve 
5 hydrodynamically tested to ensure that 
low characteristics and coaptation have 


Developed by a Surgeon for a Surgeon 
Nur appreciation for the complexities facing 
he surgeon has led to continual refinements 
n valve design. From true valve sizing 


to the scalloped aortic sewing ring and 
asymmetrical orifice for proper annulus 
seating. ..we engineer to make a tough job 
just a little easier. 

Smoothly tailored struts and meticulous 
finishing detail combine with aortic and 
mitral valve holders to facilitate easy han- 
dling and suturing. 


Standing the Test of Time 

To date, an estimated 85,000 Carpentier- 
Edwards Bioprostheses have been implanted 
worldwide. After seven years of widespread 


American Edwards 
Laboratories 





clinical use, the results speak for 
themselves. 

Patient quality of life. . .it's a goal we're 
committed to. 

Refer to product data sheet for current 
warnings, precautions, and instructions 
for use. 

For more information, please contact: 
American Edwards Laboratories, Division 
of American Hospital Supply Corporation, 
PO. Box 11150, 17221 Red Hill Avenue, 
(Irvine) Santa Ana, CA USA 92711 























INVITES 


COMPARISON WITH ANY 


oR a ae 
ee aeee e eae 


PACING SYSTEM 


a 





@ Ultra | has complete 
multiprogrammability—rate, pulse 
width, sensitivity, hysteresis, 
pulse amplitude, refractary 
period, mode. 


@ Ultra | will have a printout to 
document all programming and 
memory information. 


@ Contact your CPI representative 
for a demonstration. 


@ Or call toll free (800) 328-9588. 


The only pacemaker with 
MEMORY for pulse generator, 
lead and patient data. Ultra | 
memory banks store patient 
pacemaker history. 


The ony acemaker that 
MONITORS patient pacemaker 
dependency. 


The only pacemaker with total 
) information retrieval via 
Pa \ TELEMETRY with a handheld 


programmer. 


COMMAND-ULTRA | 


UNIPOLAR 
5 a The only pacemaker that can 
telemeter paced and sensed 
events via a DIAGNOSTIC 
intracardiac electrogram. 





e makes unipolar pacema 
that don’t listen when pectoral muscles talk 





Your pacemaker patient merely 
combs his hair, and electrical noise 
from his pectoral muscles inhibits 
pacing function. You have reason 
to be concerned, especially since 
the patient may experience the 


symptoms which brought him to 
you in the first place. 

There is a solution: Medtronic. 

Medtronic unipolar pacemakers 
do not sense the electrical artifacts 
typically generated by normal pec- 
toral muscle activity. Our patented 
sensing circuit design discrimi- 
nates between typical muscle arti- 
facts and the heart’s R-waves. 


The multiprogrammable Spec- 
trax SXT is one sterling example 
of how Medtronic design outwits 
pectoral muscles. Electrograms 
show that all human musculature 
“sounds” practically alike, making 
absolute discrimination very diffi- 
cult. Opening and closing pace- 
maker band width is clearly not the 
solution. Medtronic technology is. 

Extensive testing of ten manufac- 
turers’ pacemakers demonstrates 
that Medtronic provides superior 
muscle EMI rejection! The sensing 


curve at right demonstrates why. 


Spectrax listens only to the 
heart. And you. Spectrax SXT is 
Medtronic’s most advanced single- 
chamber pacemaker. It gives you 
the programming versatility you 
expect from Spectrax, with the 
added advantage of telemetry for 
simple—and just plain useful—fol- 
lowup. All in only 45 grams. And 
you can select from one unipolar or 
two bi-polar configurations. 
Medtronic’s integrated pacing 
system gives you the most versatile 
patient management. Components 
are performance-matched for pre- 
cise and reliable pacing therapy. 
While Spectrax SXT tunes out 
pectoral muscle noise, you keep 
tuned into the heart through the 
Medtronic Censys™ programmer, 
your vital communications link to 
any Medtronic pacemaker. With 
the Spectrax SXT, Censys trans- 
mits eight programmed parame- 
ters, battery status and ID 
numbers. Plus intracardiac elec- 
trograms which could alert you to 
adjust sensitivity settings. Several 
other programmable features pro- 
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Leading the way to man’s heart. 
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ectrax SXT” solves the problem of muscle 
ctrical noise sensing in unipolar pacing. 
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vide simplified, precise followup. 
And you have the easy-to-read 
ECGs and other advantages of un- 
ipolar pacing, with the assurance 
that muscle EMI will not threaten 
your patienťs new feeling of well 
being. Spectrax SXT™— The world’s 
most prescribed pacemaker. 

For more information on the sensing 
tests of other unipolar pacemaker manu- 
facturers and Medtronic, write: Sens- 
ing, c/o Medtronic, MS 369, P.O. Box 
1453, Minneapolis, Minnesota 55440. 


‘for more information, see PACE, vol. 5, No. 1, Pages 1-37. 


ledtronic Implantable Pulse Generators 
nd Leads 


tended Uses 
antricular pacing using an implantable ventricular pulse generator 
for long-term therapeutic control of heart rate in patients with 
pulse formation or conduction disorders leading to bradyarrhy- 
imias, tachyarrhythmias and heart block (see product labeling for 
atailed list of intended uses). An atrial pulse generator is for long- 
rm therapeutic control of heart rate in patients with impulse forma- 
jn disorders but with intact, functioning A-V conduction systems. 
ardiac pacing using an implantable A-V sequential pulse generator 
for long-term therapeutic control of heart rate in patients where 
»storation of A-V synchrony is indicated to improve cardiac output 
r to protect against arrhythmias related to sequence of cardiac 
apulse propagation. 


‘ontraindications 

here are no known contraindications to the use of pacing as a 
1erapeutic modality for the control of heart rate in patients with 
ormal conduction systems. In certain patients with anomalies of 
ve conduction system (WPW syndrome and related conditions), 
atients may be benefited or harmed by cardiac pacing. Therefore, 
lectrophysiologic studies are required prior to therapeutic applica- 
on of pacing. In addition, the patient's age and medical condition 
nay dictate the particular pacing system and implantation proce- 
lure used by the physician. 


Narnings 

Jiathermy should not be used on patients with pacemakers be- 
‚ause of possible heat damage to electronic components. Electro- 
surgical units should never be used in the vicinity of unipolar pulse 
yenerators or bipolar pulse generators implanted in the unipolar 
node because of danger of introducing fibrillatory currents into the 
ieart via the implanted pulse generator/lead. Pulse generators may 
ye damaged by defibrillatory discharges if the paddles are placed 
ver the implanted pulse generator. See the specific precautions and 
varnings in the technical manuals included with the pulse generator. 


Precautions 

The physician should be aware that all pulse generators will ulti- 
nately cease to function due to cell depletion, and may fail at any 
time due to random component or battery failures which cannot be 
predicted prior to failure. Also, that the pacing system may cease to 
function at any time due to lead-related problems such as displace- 
ment, fracture, fibrotic tissue formation, elevated thresholds and 
medical complications, and that proper operation may be affected by 
alectrical interference from certain electrical equipment. 


Side Effects 

Body rejection phenomena, including local tissue reaction, muscle 
and nerve stimulation, infection, erosion of pulse generator/lead 
through skin, transvenous lead-related thrombosis, embolism and 
cardiac tamponade. 





DOPSCAN 


With Color Spectrum and Spec-Trac™ 


A full capability, continuous wave Doppler, 
noninvasive, ultrasonic cerebral vascular 
and peripheral vascular system. 


Model DS1050 DOPSCANS is an arterial scanning 
system that excels in localizing carotid artery stenosis 
for detection of potential stroke conditions. It also 
detects blood flow lesions in the peripheral vascular bed. 


Doppler flow velocity signals are detected and the 
spectrum is displayed in color and in real time. 
A flow map is also displayed on the same screen and is 
color coded to emphasize regions with flow anomalies. 


A comprehensive Spec-Trac™ flow velocity analysis 
may be obtained to show flow characteristics along 
the entire vessel. 


High spectral bandwidth allows an accurate diagnosis 
of tight stenosis and a high frequency boost helps 
differentiate between very tight stenosis and total occlusion. 
Arterial and venous flow velocities are separated 
and both are displayed simultaneously. 

Viewing the color spectral display, and simultaneously 
listening to the Doppler signals, permit physicians to 
more effectively interpret and diagnose parameters 

relating to blood flow velocity, flow turbulence, 
peripheral resistance and degree of vessel narrowing. 
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- EDITORIAL 


Surgery for Esophageal Motor Disorders 


Tom R. DeMeester, M.D. 


Diffuse esophageal spasm is an esophageal 
motor disorder characterized clinically by sub- 
sternal chest pain, dysphagia, or both. It differs 
from achalasia in that diffuse spasm produces a 
lesser degree of dysphagia, causes more chest 
pain, and has less effect on the patient’s general 
condition. True symptomatic diffuse esopha- 
geal spasm is uncommon; indeed, in the mano- 
metric laboratory, with strict adherence to di- 
agnostic criteria, diffuse esophageal spasm is 
found five times less frequently than achalasia. 


Historically, surgery has been used to treat . 


diffuse spasm if the patient’s chest pain or dys- 
phagia persists and does not improve with 
medical therapy. The usual surgical procedure 
is a smooth muscle myotomy of the body of the 
esophagus and the distal esophageal sphincter. 
Since the function of the latter is destroyed by 
the myotomy, some form of antireflux. proce- 
dure is recommended to preserve the compe- 
tency of the lower esophageal sphincter and to 
avoid marked gastroesophageal reflux after the 
operation. The Table catalogs the surgical experi- 
ence with this disease from 1964 through the 
recent work of Drs. Henderson and Ryder, de- 
scribed starting on p 230 of this issue of The 
Annals of Thoracic Surgery [1-9]. Overall, there 
is a 77% incidence of success with surgical 
therapy, a result that falls considerably short of 
what one would like from an operation of this 
magnitude for benign disease. This assessment 
is underscored by another article in this is- 
sue by Drs. Orringer and Orringer entitled 
“Esophagectomy: Definitive Treatment for 
Esophageal Neuromotor Dysfunction,” which 
appears on p 237. 

Why is this so? On reflection, I can think of at 
least four reasons. First is the difficulty of diag- 
nosing esophageal motor abnormalities. Pri- 
mary motor disorders of the esophagus are 
classically thought to consist of two clearly dis- 


From the Department of Surgery, University of Chicago 
Pritzker School of Medicine, 950 East 59th St, Chicago, 
IL 60637. 


tinct entities, namely, achalasia and diffuse 
spasm—and esophageal manometry is pro- 
claimed to be the method by which the two can 
be distinguished. Recently, however, there has 
been evidence to suggest that the differentia- 
tion of these two sharply defined disorders may 
not always be feasible [10]. 

The manometric abnormalities seen in dif- 
fuse esophageal spasm affect mainly the distal 
one-third or two-thirds of the esophagus. The 
proximal segment is often normal, but as in 
achalasia, it too may be involved to a lesser de- 
gree. The response of the distal portion of the 
body of the esophagus to a single swallow is 
characterized by the occurrence of several 
nonsequential repetitive pressure peaks or 
giant waves of abnormally high amplitude and 
long duration. However, the esophagus usually 
retains some degree of peristaltic performance, 
which is not true of achalasia. A minority of 
patients can show impaired relaxation of the 
lower esophageal sphincter similar to that seen 
in achalasia with or without increased sphinc- 
ter pressure. In most patients, the distal 
esophageal sphincter relaxes completely. 

Unfortunately, there is no general agreement 
as to how frequent or severe these manometric 
abnormalities must be to justify the manomet- 
ric diagnosis of diffuse spasm, although a crite- 
rion of 30% or more repetitive or nonperistaltic 
responses to swallowing has been suggested 
[11]. Some reports present criteria defining the 
actual magnitude of the abnormal contractions, 
but most reported tests have been performed 
using recording systems incapable of measur- 
ing the true magnitude of the esophageal 
waves. Furthermore, manometric abnormali- 
ties similar to diffuse esophageal spasm have 
been reported in patients with obstructing 
esophageal lesions, a variety of endocrine and 
neuromuscular disorders, chronic alcoholism, 
presbyesophagus, and chronic gastroesoph- 
ageal reflux [12]. Complicating things further 
is the frequent finding of spontaneous, non- 
peristaltic contractions in apparently normal 
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Summary of Results of 199 Operations for Diffuse Esophageal Spasm (1964-1982) 
i r aa OOO 





Symptomatic Results 





No. of 
Reference Patients Procedure Good Poor Follow-up Period 
Ellis and colleagues 40 Myotomy 31 (77% 9 (23% 1-6.5 
(1964) [1] sia aie ý 
Craddock and colleagues 5 Myotomy 5 (100%) 0 3 mo-12 yr 
(1966) [2] 
Nicks (1969) [3] 7 Myotomy 6 (84%) 1 (16%) Not noted 
Ferguson and colleagues 13 Myotomy 12 (92%) 1 (8%) 6 mo-12 yr 
(1969) [4] 
Henderson and colleagues 17 Myotomy, 12 (71%) 5 (29%) 3-48 mo 
(1974) [5] Belsey (2°) 
4 Myotomy, 4 (100%) 0 
gastroplasty, 
Belsey 
Flye and Sealy (1975) [6] 11 Myotomy 11 (100%) 0 Not noted 
Leonardi and colleagues 11 Myotomy? 10 (91%) 1 (9%) 1-6 vr 
(1977) [7] 
Ferguson and colleagues 15 Myotomy 13 (87%) 2 (13%) 4yr {mean) 
(1977) [8] (2”) 
Henderson and Ryder 20 Myotomy, 8 (40%) 12-(60%) 8-11 yr 
(1982) [9] Belsey i 
9 Myotomy, 6 (67%) 3 (33%) 7-10 yr 
gastroplasty, l 
Belsey 
19 Myotomy, 12 (63%) 7 (37%) 2-7 vr 
gastroplasty, : 
Nissen 
15 Myotomy, 13 (87%) 2 (13%) 1-3 yr 
short Nissen 
Total 186 143 (77%) 43 (23%) 


aMyotomy sparing lower esophageal sphincter. 
*Postmyotomy reflux patients requiring further operation. 


individuals [13]. Therefore, it is difficult to 
make the diagnosis with any confidence, and 
the inclusion of such individuals in a surgical 
series of patients who have abnormalities other 
than diffuse spasm is not uncommon. One 
senses this difficulty in the current article by 
Drs. Henderson and Ryder as they struggle for a 
precise mechanism for making the preoperative 
diagnosis of the condition. They conclude that 
muscle hypertrophy is the most consistent 
finding, and document its presence in all the 
patients included in their report. But the 
presence of esophageal muscle hypertrophy 
is difficult to determine without doing a 
thoracotomy, and like Drs. Henderson and 
Ryder, we are left with the problem of making 
an accurate preoperative diagnosis. Since 





therapeutic success is based on the principle 
that accurate diagnosis precedes therapy, we 
can assume that the results of surgery for dif- 
fuse esophageal spasm will be less than satis- 
fying until the diagnosis can be made with 
greater precision. 

The second reason for less than satisfactory 
surgical results is that the performance of 
esophageal surgery requires a change in the 
surgeon’s thought process. He or she is no 
longer extirpating an organ, the function of 
which will be destroyed with its removal, but 
attempting to surgically improve the function of 
an organ to be left in the body. In the past, the 
success of esophageal surgery, like that of ulcer 
surgery, was based purely on the symptomatic 
improvement of patients, or on the information 
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derived from a roentgenographic barium swal- 
low. Today, we realize that a simple statement 
like “the patient is symptomatically improved” 
or “the barium swallow is normal” is not an 
adequate evaluation of an esophageal proce- 
dure. The postoperative presence of what ap- 
pear to be esophageal symptoms may be due to 
another disease entity that has been misdiag- 
nosed; likewise, the absence of symptoms may 
reflect a temporary placebo effect of the opera- 
tion. The success of a procedure depends upon 
both relief from symptoms and verification that 
the deficiency in esophageal function has been 
corrected or improved by the operation. 

Surgeons find themselves in a somewhat dif- 
ficult position here because they have shunned 
the development and use of diagnostic tools 
that can be used to assess esophageal proce- 
dures objectively. For example, the gastroen- 
terologist now does most of the esophagoscopy 
and esophageal function testing. As a result, 
such procedures are no longer under the control 
of the surgeon. This situation has come about 
through a shift in the emphasis in surgical 
training from disease-oriented programs to 
procedure-oriented programs. Only a few pro- 
grams emphasize the pathophysiology of dis- 
ease and drill the trainee in all aspects of an ab- 
normality, from diagnosis through medical and 
surgical management. Today, most programs 
direct their attention solely to surgical proce- 
dures, and graduates of such programs find it 
difficult to critically evaluate a procedure that is 
designed to improve function using existing 
technology. 

To make matters worse, the difficulty of 
documenting functional improvement after op- 
eration on the esophagus is compounded by 
other problems. Such documentation usually 
requires that the patient volunteer for post- 
operative testing. Ensuring volunteer coopera- 
tion can be difficult in today’s mobile and 
informed-consent society. Similarly, the pat- 
tern of patient referrals can interfere with the 
attempt to analyze surgical results. Most sur- 
geons find it necessary to send the patient back 
to the gastroenterologist who referred the pa- 
tient initially. Thus, they are seldom involved 
in firsthand follow-up evaluation or, even more 
rarely, in postoperative esophageal function 


testing. All these factors apply pressure on sur- 
geons that work against any energies they may 
wish to devote to serious evaluation of their 
own operative results. 

Given the difficulties involved, we can ap- 
preciate the effort expended by Drs. Hender- 
son and Ryder in obtaining postoperative 
esophageal motility studies in 68% of their pa- 
tients. The data show that their procedure re- 
duced the distal esophageal sphincter pressure 
but increased the postoperative incidence of 
diffuse motility abnormalities from 80.1 to 
96.4%. However, no statement was made con- 


_cerning the manometric characteristics of this 


abnormal motility or its pertinence in relation 
to postoperative esophageal function symp- 
toms. Consequently, an opportunity to further 
our understanding of the physiological effects 
of myotomy on the function of the body of the 
esophagus has been missed. 

The third reason for less than satisfactory re- 
sults of surgery for esophageal motor disorders 
is the insatiable desire of surgeons to make 
their own modifications of technique without 
knowing the effects on organ function. Only re- 
cently have we begun to appreciate that when 
an operation is designed to improve function, 
surgical technique becomes paramount-——and 
changes in technique can have a profound ef- 
fect on postoperative esophageal function. No 
change in technique should be made indis- 
criminately; changes should be accepted and 
applied only after their effects on function have 
been carefully evaluated. In this area, the article 
by Drs. Henderson and Ryder makes an im- 
portant contribution. A review of their experi- 
ence indicated to them that a partial fundopli- 
cation (Belsey antireflux procedure), either with 
or without a gastroplasty, was not an acceptable 
means of protecting the patient against post- 
operative gastroesophageal reflux after a 
myotomy. In an attempt to correct this defi- 
ciency, total fundoplication (Nissen antireflux 
procedure) and gastroplasty were performed. 
Although these procedures corrected the reflux 
problem, they added resistance to the emptying 
of the esophagus, with resultant dysphagia. 
This situation led them to modify the Nissen 
fundoplication by making it a short gastric 
wrap (0.5 cm), thus reducing the resistance of 
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the reconstructed cardia and the incidence of 
postoperative dysphagia. In their most recent 
patients, they have dropped the gastroplasty, 
and have used only a short (0.5 cm) Nissen fun- 
doplication; this action has reduced the inci- 
dence of dysphagia even further without in- 
creasing the incidence of postoperative reflux. 

The experience of Drs. Henderson and Ryder 
nicely demonstrates how slight modifications 
in esophageal surgical technique can alter 
functional results. However, they would have 
been better clinical scientists had they been 
able to document these observations objec- 
tively, reporting the changes in sphincter pres- 
sure observed with each technical modification 
and using radioisotope esophageal clearance 
studies to measure the improvement in dys- 
phagia. 

The fourth reason for obtaining less than 
satisfactory results from surgery for esophageal 
motor disorders is a philosophical one: the cre- 
ation of a defect to correct a defect can never 
restore the function of an organ to normal. 
Therefore, a myotomy for diffuse spasm, as it is 
currently used, is merely palliative. 

It appears antithetical that we also have in 
this issue an article by Drs. Orringer and Or- 
ringer entitled “Esophagectomy: Definitive 
Treatment for Esophageal Neuromuscular 
Dysfunction” until we realize that this repre- 
sents not the initial treatment but rather a sal- 
vage treatment for patients in whom previous 
operations designed to improve esophageal 
function have failed. That failures should occur 
is not unreasonable when one considers the 
possibility of making an error in diagnosis, the 
change in thought process required to move 
from extirpative to functional surgery, the 
profound effect technique can have on post- 
operative function, and the application of a 
therapy based on the principle of making a de- 
fect to correct a defect. The pertinent question 
is: When should one revert to an esophagec- 
tomy as the solution instead of making another 
attempt at an esophageal procedure? Drs. Or- 
ringer and Orringer’s response is that there is 
no absolute correct course of action in such pa- 
tients; the decision must be based upon the 
surgeon’s individual experience. 


My own experience has provided some 
helpful guidelines. 


1. When the overriding complaint of a pa- 
tient who has already undergone multiple 
esophageal procedures is dysphagia rather 
than regurgitation or heartburn, extirpation 
should be seriously considered. 

2. The presence of weak contractions in the 
body of the esophagus, or failure of the dis- 
tal esophageal sphincter to relax following a 
primary peristaltic wave on the motility 
study, usually indicates extensive scarring of 
the distal esophagus—and a need for its re- 
placement. 

3. The distention of a balloon in the distal 
esophagus initiates, through a local reflex 
arc, a contraction in the body of the 
esophagus above the balloon that can be felt 
manually, and a relaxation of the esophagus 
and distal sphincter below it. This mecha- 
nism is responsible for the so-called second- 
ary peristaltic wave of the esophagus, which 
propels a bolus of food into the stomach that 
has failed to reach that destination with the 
primary peristaltic wave. The reflex is com- 
monly damaged by performing multiple 
surgical procedures on the esophagus, and 
postoperatively these patients are required 
to swallow repetitively to induce a primary 
peristaltic wave in order to push the bolus of 
food into the stomach. 


If all three of these observations are present, I 
favor removal of the esophagus over attempting 
another esophageal procedure at the risk of an- 
other failure. Drs. Orringer and Orringer have 
shown that esophagectomy and replacement 
with an acceptable esophageal substitute can 
restore reasonable swallowing if properly per- 
formed by an experienced surgeon. It is wise, 
however, to counsel patients who undergo 
this procedure not to anticipate normal 
swallowing, lest they expect us to do what we 
are unable to do. 

The miracle is that despite surgical failures, 
the discipline of esophageal surgery moves 
forward. It is advanced by practitioners who are 
interested enough to take the time to report 
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their experiences, by evaluating the validity 
of each reported experience, and determining 
where the findings fit into the whole of things 
through dialogue in our journals and at our so- 
ciety meetings. Surgeons who read or listen are 
continually encouraged to perform their craft 
more skillfully and to gather information about 
their own experience more scientifically. As 
members of one guild, we all eat from one bas- 
ket, and the privilege of eating is coupled with 


* the responsibility of returning to fill the basket 


with better-cultivated fruits from our own gar- 
den. So, Drs. Henderson and Ryder, and Drs. 
Orringer and Orringer—eat up. 
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ORIGINAL ARTICLES 


Reflux Control Following Myotomy 
in Diffuse Esophageal Spasm 


Robert D. Henderson, M.B., F.R.C.S.(C), 
and Donald E. Ryder, M.D. 


ABSTRACT Sixty-five patients with diffuse 
esophageal spasm (DES) were investigated by his- 
tory, radiology, manometry, and endoscopy prior to 
surgical management. At operation they underwent 
extended myotomy to the apex of the chest, includ- 
ing the high-pressure zone; in addition, all had 
hiatal hernia repair. Four types of repair were used: 
the Belsey procedure, partial fundoplication gas- 
troplasty, total fundoplication gastroplasty, and the 
Nissen procedure. 

With the Belsey or the partial fundoplication, 
there was a high incidence of continued reflux. With 
the total fundoplication procedure, there was no re- 
flux; however, 6 patients had minor dysphagia and 1 
had major dysphagia. With myotomy and a standard 
Nissen fundoplication, 13 patients were asymptom- 
atic and 2 had minor dysphagia; none had major re- 
sidual symptoms. 


Diffuse esophageal spasm (DES) is an esopha- 
geal motor abnormality characterized by severe 
disordered motor activity in the lower two- 
thirds of the esophagus, with a relatively nor- 
mal high-pressure zone (HPZ) [1-5]. Most pa- 
tients are initially seen because of esophageal 
pain and dysphagia [6]. 

Surgical myotomy of the esophagus is the 
recommended treatment in patients who do not 
respond to conservative management [7]. There 
are several controversial areas of management, 
including the extent of the myotomy proximally 
[8], the extent distally [9-11], and whether or 
not a hiatal hernia repair should be added if the 
distal HPZ has been myotomized [12]. In the 
present study, the proximal myotomy was ex- 


From the Department of Surgery, Women’s College Hospi- 
tal, Toronto, Ont, Canada. 


Presented at the Eighteenth Annual Meeting of The Society 
of Thoracic Surgeons, New Orleans, LA, Jan 11-13, 1982. 


Address reprint requests to Dr. Henderson, Women’s Col- 
lege Hospital, 76 Grenville St, Toronto, Ont, Canada M5S 
1B2. 


tended to the apex of the chest; in all patients, 
the myotomy included the HPZ. The proximal 
extent of the myotomy was based on anatomical 
studies that confirmed the presence of 85% ` 
smooth muscle immediately above the aortic 
arch, 64% smooth muscle 3 cm above the arch, 
and 18.5% smooth muscle at the apex of the 
chest. A hiatal hernia repair was used for reflux 
control, and the effectiveness of the hiatal her- 
nia repair in the presence of a myotomy was 
evaluated. 


Materials and Methods 

Sixty-five patients were treated surgically by 
extended myotomy and hiatal hernia repair. 
There were 27 men and 38 women, ranging in 
age from 14 to 72 years (mean age, 42.6 years). 
The history of all patients was obtained, and 
the patients had radiological, manometric, and 
endoscopic studies done prior to surgical 
myotomy. Follow-up was from 1 to 11.7 years 
(mean, 6 years). 

The four operative methods of reflux control 
used are presented in chronological order. In 
the first group, standard Belsey repair was 
performed; in the second, partial fundoplica- 
tion gastroplasty; in the third, total fundoplica- 
tion gastroplasty; and in the fourth, modified 
short Nissen fundoplication. 

The Belsey fundoplication was similar to the 
original operative design [13]. In addition, 
however, three sutures were placed from the 
fundus of stomach directly to the diaphragm. In 
the partial fundoplication procedure, a 5 cm 
gastroplasty tube was cut over a 50F bougie. 
The fundoplication was 270 degrees in circum- 
ference [14]. The method of total fundoplication 
gastroplasty has been described [15]. A 5 cm 
gastroplasty tube was cut over a 60F bougie. 
Fundoplication was 360 degrees. The comple- 
tion fundoplication was reduced to one suture 
of approximation (less than 0.5 cm of comple- 
tion wrap). This reduction in the length of the 
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The Nissen fundoplication. (A) Extended myotomy is 
carried out to the apex of the chest. The stomach is 
sutured to the myotomized HPZ and distal 1 cm of 
esophagus. The placement of the posterior crural su- 
tures allows them te be tied after reduction. (B) Fundus 
of stomach is wrapped 360 degrees and approximated 
with a single suture. Completion of the fundoplication is 
0.5 cm at maximum. Occasional sutures should be 
placed to tailor the fundoplication and avoid overwrap. 


completion wrap was used to minimize ob- 
struction to the passage of the food bolus. 
Nissen fundoplication without gastroplasty 
was performed in the last patients in our series. 
Following mobilization of esophagus and 
stomach, the esophagogastric fat pad was re- 
moved and the myotomy completed from the 
apex of the chest to the level of the proximal 
gastric veins. Posterior crural sutures were 
placed for loose approximation at the comple- 
tion of the procedure. The fundus of the 
stomach was thus approximated to the HPZ and 
distal 1 to:2 cm of esophagus with interrupted 
mattress sutures. The fundus was wrapped cir- 
cumferentially, and the completion wrap lim- 
ited to one stitch of approximation (less than 0.5 
cm). Sutures were placed from the fundus 
through the diaphragm; after reduction, the 
anterior and posterior sutures were tied, pro- 
viding loose closure of the crura (Figure). 


Table 1. Symptoms of Diffuse Esophageal 
Spasm in 65 Patients? 





No. of Percent 

Symptom Patients of Total 
Pain 64 98.5 
Reflux 34 52.3 
Aspiration 5 7.7 
Eructation 31 47.7 
Hiccough 9 13.8 
Water brash 20 30.7 
Nausea 33 50.8 
Vomiting 16 24.6 
Motor dysphagia 59 90.8 
Cricopharyngeal 23 35.2 
Gastroesophageal 54 83.1 
Mechanical dysphagia 4 6.1 
No dysphagia 2 3.1 


*The dominant symptoms of DES were pain (often spon- 
taneous) and dysphagia. 


Results 

Sixty-five consecutive patients were included 
in the study. While their symptoms varied 
(Table 1), pain and dysphagia were present in 
most. Pain occurred in 64 patients (98.5%). Of 
those with pain, 14 (21.5%) had pain that, at 
times, was spontaneous in origin. Dysphagia 
was present in 63 patients (96.9%). This dys- 
phagia was typically severe, occurring in the 
presence of both liquids and solids, and was as- 
sociated with major weight loss in 19 patients 
(29.2%). 

Radiological studies were obtained in all pa- 
tients preoperatively. A radiological diagnosis 
of DES was made in 26 patients (40%), 11 of 
whom had associated reflux or hiatal hernia. 
Nineteen patients (29.2%) were diagnosed as 
having hiatal hernia and 7 (10.8%) as having 
achalasia; 13 patients (20%) were considered 
normal (Table 2). Based on radiological criteria, 
a total of 30 patients (46.1%) had a diagnosis of 
hiatal hernia or reflux. Endoscopy was used to 
determine the presence of reflux or hiatal her- 
nia, and to exclude gastric and duodenal ab- 
normalities. One patient (1.5%) had ulcerative 
esophagitis, and 4 (6.1%) had peptic stricture. 
Manometric studies were performed in all pa- 
tients. Manometry was conducted using three 
fine polyethylene catheters (PE 190) and a 
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Table 2. Preoperative Radiological Findings in 65 
Patients with Diffuse Esophageal Spasm” 





No. of Percent 

Finding Patients of Total 
Normal 13 20.0 
Achalasia FA 10.8 
DES 23 35.4 
Hiatal hernia, 3 4.6 

diverticula, and 

DES 
Hiatal hernia 18 27.7 
Reflux > 1 1.5 


3A correct diagnosis of DES was made radiologically in only 
40% of the patients. The diagnostic features include motor 
spasm and wall thickness. 


DES = diffuse esophageal spasm. 


water-perfused syringe pump system. Perfu- 
sion was maintained at- 6.8 ml/min per tube. 
Statham P23DE strain gauges were used to de- 
tect pressure change, and the data were re- 
corded with an ultraviolet Visicorder. 

The tone of the HPZ varied from 0 to 36 cm 
H,O (mean, 14.6 cm H,O), and disordered 
motor activity in the lower half of the 
esophagus varied from 30 to 100% (mean, 
80.1%). Major disordered motor activity was 
considered to include bizarre waves of very 
high amplitude, or waves that were multi- 
peaked or had prolonged duration of contrac- 
tion. These were present in 50 patients (76.9%). 
Using the P (peristalsis)/R (relaxation)/V (vigor- 
ous contraction) classification [15], considerable 
variation was demonstrated in the motor pat- 
tern of DES (Table 3). Vigorous contraction was 
considered present when more than 30% of the 
motor waves were greater than 50 cm H,O in 
amplitude. 

Combining the results of the investigative 
studies, we made a clinical diagnosis of DES in 
60 patients (92.3%) preoperatively. The re- 
maining patients were suspected of having 
DES, and this was confirmed at operation by 
the recognition of esophageal muscle hyper- 
plasia and motor spasticity. Muscle hyperplasia 
and spasticity were present in all patients 
studied, and were documented intraopera- 
tively. 


Table 3. Manometric Classification of 65 Patients 
with Diffuse Esophageal Spasm? 








No. of Percent 
Classification Patients of Total 
PRV 24 36.9 
PRv 30 46.2 
pRV 2 3.1 
pRv 4 6.2 
Prv 2 3.1 
prv 1 1.5 
Pv 1 1.5 
PV 1 1.5 


*High-amplitude DES was present in only 41.5% of the pa- 
tients. Although low-amplitude DES was common, many of 
the motor waves were of prolonged duration and were 
multipeaked (major disordered motor activity). 


P = peristalsis; R = relaxation; V = vigorous contraction; p 
= no peristalsis; r = no relaxation; v = low-amplitude dis- 
ordered motor activity. 


Results of Operation 

To allow comparison between the operative 
procedures, the clinical results have been 
classified as follows: class 1—asymptomatic: no 
clinical or radiological evidence of reflux; class 
2—-minor residual symptoms or trace reflux on 
water siphon studies; and class 3—residual 
symptoms of pain, dysphagia, or reflux and 
radiological evidence of major reflux or a recur- 
rent hiatal hernia (Table 4). 

Twenty-one patients (32.3%) were treated by 
standard Belsey fundoplication’ Twenty of 
these had long-term follow-up ranging from 8.2 
to 11.6 years (mean, 9.6 years). Radiological 
studies were available for 19 patients and ma- 
nometry for 16. Using this classification, 8 of the 
21 patients (38.1%) were asymptomatic and 2 
(9.5%) had minor residual symptoms. All these 
patients (47.6%; 10/21) were considered to have 
a very satisfactory result. Ten patients (47.6%) 
had unsatisfactory results, and 1 patient was 
lost to follow-up. Examining the 10 patients 
with poor results, we found that all had clinical 
reflux symptoms, and 8 had persistent moder- 
ate dysphagia. These symptoms and investiga- 
tive findings of failure were all recognized 
within 6 months of the original operation. 
Radiologically, 2 patients had an anatomical re- 
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Table 4. Results of Operation in 63 Patients with Diffuse Esophageal Spasm? 





No. of 
Operation Patients Class 1 Class 2 Class 3 
Standard Belsey 20 8 (38.1%) 2 (9.5%) 10 (47.6%) 
PFG g 6 (66.6%) 2 (22.2%) 1 (11.1%) 
TFG 19 12 (63.1%) 6 (31.5%) 1 (5.2%) 
Standard Nissen 15 13 (86.5%) 2 (13.3%) 0 (0.0%) 


D O aa ea ht 
aẸffective reflux control was not achieved with the partial fundoplication procedures (270 degrees). Reflux control with a 


total wrap was effective in all patients. 


PFG = partial fundoplication gastroplasty; TFG = total fundoplication gastroplasty. 


currence of their hiatal hernia,. and 3 had 
radiological reflux. 

Nine patients (13.8%) had a partial fundopli- 
cation gastroplasty for reflux control. Follow-up 
ranged from 7.7 to 10.5 years (mean, 8.3 years). 
Six of these patients (66.6%) had class 1 results, 
2 (22.2%) had class 2 results, and 1 (11.1%), 
class 3 results. Radiologically, there were no 
anatomical recurrences, and 2 patients had re- 
flux. The patient with a poor result had con- 
tinuous severe symptomatic and radiological 
reflux detected shortly after operation. 

Nineteen patients (29.2%) were treated by 
total fundoplication gastroplasty with a mod- 
ified short completion fundoplication. Follow- 
up ranged from 2.7 to 6.5 years (mean, 4.6 
years). Twelve of these patients (63.1%) had 
class 1 results, 6 (31.5%) had class 2 results, and 
1 (5.2%), class 3 results. None of the patients 
had radiological recurrence or reflux. Minor re- 
sidual dysphagia (transient sticking without 
regurgitation occurring less than once per 
week) was the most common residual com- 
plaint in the class 2 patients. Major dysphagia 
was present in the single class 3 patient; this 
was evident as soon as the patient began eating 
a solid diet. 

Fifteen patients (23.1%) were treated by a 
modified short Nissen fundoplication. Follow- 
up ranged from 1 year to 2.8 years (mean, 
1.9 years). Thirteen of these patients (86.8%) 
were in class 1, and 2 (13.3%) were. in class 2. 
None had major residual symptomis. Thirteen 
patients had radiological ‘follow-up; none 
showed radiological evidence of recurrence 
or reflux. All these patients had excellent re- 





sults. Minor residual dysphagia was present: 
in 2 patients; however, this does not affect the 
type of food eaten and occurs very rarely. 

One patient with multiple previous opera- 
tions, including extended myotomy, was 
treated primarily by colon interposition. This 
patient had minor residual dysphagia and no 
evidence of reflux, and was considered a class 2 
patient. 


Postoperative Manometry 

Postoperative manometry was conducted in 44 
patients (67.7%). The tone of the HPZ was re- 
duced from a preoperative average of 14.6 cm 
H:O to a postoperative average of 7.4 cm H,O. 
Disordered motor activity rose from a preoper- 
ative average of 80.1% to a postoperative aver- 
age of 96.4%. The tone of the HPZ increased 
slightly more in patients who had a gastro- 
plasty, as well as in those who had a total fun- 
doplication. 


Comment 

In the preoperative evaluation of diffuse 
esophageal spasm, there are many diagnostic 
difficulties. While the history may be sugges- 
tive, it is not specific. Two historical features of 
diagnostic importance are esophageal pain of 
spontaneous onset and the presence of severe 
dysphagia. Radiology is of diagnostic impor- 
tance if esophageal wall thickening and disor- 
dered motor activity can be demonstrated—yet, 
an accurate diagnosis was made in only 26 of 
the 65 patients (40%). The radiological differ- 
entiation of DES and stage I and stage II 
achalasia is difficult. This demonstrates the ab- - 
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solute necessity of manometric studies [16]. 
Endoscopy is important in demonstrating 
coexistent reflux and excluding other abnor- 
malities. However, endoscopy is not diagnostic 
of DES. The classic manometric features of DES 
are a normal-tone HPZ with good relaxation 
and severe, high-amplitude disordered motor 
waves in the lower two-thirds of the esoph- 
agus. But these features are not absolute. Re- 
laxation in the HPZ may be poor or absent, 
and the HPZ tone may be low or high. Al- 
though the majority of patients had severe dis- 
ordered motor activity, a few had only a low 
percentage of disordered activity present at the 
time of examination (7.5%). Almost half the 
patients had severe, low-amplitude disordered 
motor waves, with the addition of major disor- 
dered motor waves, which, although of low 
amplitude, are grossly abnormal and very diag- 
nostic of DES. 

In all patients, the diagnosis of DES was con- 
firmed intraoperatively by the recognition of a 
hyperplastic, motor-active esophagus [9]. This 
feature is so consistently present and so clini- 
cally recognizable that we do not accept a 
diagnosis of DES unless it is found. Some 
authors have suggested that motor spasticity 
does not always occur in DES. However, in 
our opinion, recognizable change is always 
present. Certainly, when the abnormality is 
present and recognizable, it is an accurate 
diagnostic feature: no disease except achalasia 
shows such changes. 

The four methods described have been used 
in a continuing effort to control reflux and to 
avoid dysphagia from overcompetence. The 
standard Belsey fundoplication was the first 
operation performed. While many of the pa- 
tients undergoing this operation remained 
asymptomatic, the occurrence of severe symp- 
tomatic reflux in the absence of an anatomical 
hiatal hernia necessitated further modification 
of the procedure. The addition of a partial fun- 
doplication gastroplasty produced slightly bet- 
ter results; however, reflux was still present, 
producing mild symptoms in 2 patients and se- 
vere symptoms in 1 patient. 

Efforts to prevent reflux and further improve 
clinical results were directed toward better re- 
flux control with the gastroplasty. Nineteen 


patients were treated by total fundoplication 
gastroplasty using a very short (one stitch) 
completion wrap. While this method eliminated 
reflux, 4 patients had minor dysphagia and 1 
had major dysphagia. In addition, 1 patient had 
persistence of motor-spastic spontaneous pain. 
This last patient is the only one in the study 
with persistent pain, which is due almost cer- 
tainly to extension of the myotomy to the apex 
of the chest; the more commonly recommended 
myotomy is to the aortic arch. Major dysphagia 
was present in only 1 patient. The others had 
minor dysphagia, occurring once per week or 
less, and not associated with regurgitation. 

These results were slightly better than those 
achieved with the partial fundoplication proce- 
dure but were not considered satisfactory. In an 
effort to reduce the incidence of dysphagia, the 
gastroplasty tube was eliminated and a short, 
one-stitch Nissen completion wrap was used as 
the method of reflux control. All 15 patients 
who had the short Nissen fundoplication at- 
tained a satisfactory result; only 2 (13.3%) had 
minor residual dysphagia, and none had reflux. 

The use of a total-wrap or Nissen procedure 
is recognized as being effective in reflux con- 
trol. However, the operation must be tailored to 
avoid dysphagia, the commonest and most 
critical complication. Extensive experience with 
the total fundoplication gastroplasty (650 pa- 
tients) has clearly indicated that dysphagia can 
be minimized by reducing the length of the 
completion wrap while maintaining total reflux 
control: These principles have been adapted to 
the management of patients with DES. 

In the present study, 30 patients (16.1%) had 
a radiological hiatal hernia or reflux; all required 
hiatal hernia repair. The remaining patients 
were treated by hernia repair after mobilization 
and myotomy of the HPZ. Whether or not hiatal 
hernia repair is necessary remains controver- 
sial. In all patients, the HPZ was reduced below 
the diaphragm, but despite reduction, reflux 
was a continuing problem. Still, it is unlikely 
that the hernia repair promotes reflux, even 
though reflux seems to occur in some patients 
after myotomy despite the intraabdominal po- 
sition of the esophagus. The alternative ap- 
proach of avoiding myotomy of the HPZ would 
obviate the necessity of repair in patients with- 


a 
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out a hiatal hernia; however, this method has 
not yet been established as the procedure of 
choice in long-term follow-up studies [12]. 

A standard Belsey repair proved ineffective, 
as the 270-degree wrap did not reliably con- 
trol reflux in the presence of a low-tone, 
myotomized HPZ. Using the very short com- 
pletion wrap, effective reflux control has been 
achieved; all these patients can burp, and none 
have major dysphagia. With the standard Nis- 
sen operation, the risk of anatomical recurrence 
is greater than with the total fundoplication. 
However, there has been no recurrence in this 
study. 
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Discussion 

DR. ANDRE DURANCEAU (Montreal, Que, Canada): We 
agree with Dr. Henderson that an antireflux pro- 
cedure is probably needed after an esophageal 
myotomy, which destroys the lower esophageal 
HPZ. Although the Mayo Clinic experience reports a 
3% incidence of reflux after this type of myotomy, a 
number of other clinical studies mention reflux 
problems in 20 to 50% of operated cases. At pres- 
ent there are no well-planned prospective studies 
specifying the true incidence of reflux after a 
standard esophageal myotomy. 

I am very impressed by the large number of cases 
of diffuse esophageal spasm treated by the authors. 
My associates and I try to be very conservative 
in diagnosing DES. For all patients undergoing 
esophageal motility studies in our laboratory, the 
interpretation criteria for the body of the esophagus 
must differentiate between the tertiary activity that 
occurs in response to swallowing and the spontane- 
ous tertiary activity that appears between the volun- 
tary deglutitions. 

Many conditions can cause tertiary activity in the 
esophagus, and hiatal hernia and reflux problems fall 
in this group. One patient in Dr. Henderson’s series 
had active ulcerative esophagitis, 4 patients had es- 
tablished strictures, and 46% of the entire series pre- 
sented radiological evidence of hiatal hernia or re- 
flux. I suspect that a number of patients in this series 
in fact had esophageal spasm secondary to hiatal 
hernia, reflux, or both. Objective data quantifying 
the incidence and importance of reflux must be ob- 
tained before any diagnosis of diffuse spasm is con- 
sidered. 

The second point I would like to emphasize con- 
cerns the persistence of dysphagia in 30% of the pa- 
tients in the two groups undergoing total fundopli- 
cation. In a group that my associates and I assessed 
after a similar operation, 2 of 14 patients each had 
a single episode of dysphagia after a 16-month 
follow-up. Investigation by scintiscanning transit 
studies showed that both patients were in this cate- 
gory of slow emptying, with a 12% retention at 3 
minutes. I submit that one should obtain objective 


‘data on the esophageal emptying capacity. Such 


data provide valuable information for determining 
the best antireflux procedure for the myotomized 
esophagus. 
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DR. NICHOLAS J. DEMOS (Jersey City, NJ): I have 
thoroughly enjoyed Drs. Henderson and Ryder’s 

` outstanding presentation on their series of patients 
with diffuse esophageal spasm. I wish to comment 
on six members of a single family, spanning three 
generations, all of whom had esophageal spasm. One 
died during an acute episode of aspiration. 

One of the men in this family had a myotomy 10 
years ago and is now relatively asymptomatic, in 
spite of a recent abnormal esophagogram. We did not 
have a chance to perform manometry in this patient. 

The patient’s 44-year-old sister had suffered re- 
peated episodes of food impaction and dysphagia 
since childhood. She was diagnosed by manometry 
as having diffuse esophageal spasm, and underwent 
a long lower esophageal myotomy and suture inver- 
sion of a small diverticulum through a left thoracot- 
omy a year ago. The lower esophageal sphincter, 
measuring approximately 30 mm Hg, was left in- 
tact. The patient has been quite happy for a year 
now. 


DR. HENDERSON: I thank Dr. Duranceau and Dr. 
Demos for their kind comments. 

In regard to Dr. Duranceau’s observations, I think 
it is very important to recognize that all the patients 
in our study had manometric evidence of bizarre ter- 


tiary dysaudible activity—quite different, I believe, 
from the secondary dysaudible activity that occurs as 
a result of reflux. Although 4 patients had peptic 
stricture and 1 had ulcerative esophagitis, this is a 
very complex group of patients. Furthermore, almost 
a third of the patients had in fact undergone op- 
eration before I first saw them in consultation. In 
some instances, this had led to the onset of the re- 
flux problem prior to the present surgical manage- 
ment. 

I agree with Dr. Duranceau’s comment on trying to 
quantitate dysphagia by using radiotechnetium 
techniques. In dealing with a two-thirds wrap, the 
problem lies in attempting to quantitate reflux, and 
this has indeed proved to be difficult and controver- 
sial. On the other hand, in dealing with a complete 
wrap, the problem lies in trying to quantitate dys- 
phagia to permit comparison of studies. Using 
radiotechnetium methods is an excellent suggestion, 
one well worth considering. 

Dr. Demos has encountered an extremely in- 
teresting family. I am aware of very rare examples of 
a family history of achalasia. However, Dr. Demos 
appears to have uncovered a family history of diffuse 
esophageal spasm. It will be very interesting to see 
more complete documentation on this group of pa- 
tients. 
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Esophagectomy: Definitive Treatment 
for Esophageal Neuromotor Dysfunction 


Mark B. Orringer, M.D., and Jay S. Orringer, M.D. 


ABSTRACT Twenty-two patients with a history of 
between one and four (average of two) unsuccessful 
prior esophageal operations for neuromotor dys- 
function were treated with esophageal resection and 
replacement. Eleven (50%) had recurrent reflux 
esophagitis in association with various disorders of 
motility: esophageal spasm in 4, achalasia in 3, 
scleroderma in 2, and esophageal atresia in 2. Eight 
(36%) had primary esophageal spasm and 3 (14%) 
had achalasia. Esophageal obstruction, regurgita- 
tion, and severe spasm were the most common man- 
ifestations of the inability to swallow normally. 
Transthoracic or transhiatal (blunt) esophagectomies 
were performed in 5 and 17 patients, respectively. 
The stomach, with a cervical esophagogastric anas- 
tomosis, was used for esophageal substitution in 15 
patients. Six patients underwent a long-segment 
colonic interposition, and 1 patient with achalasia 
underwent a distal esophagectomy and short- 
segment colonic interposition. One patient under- 
going transthoracic esophagectomy for achalasia 
died from unrecognized intraoperative bleeding into 
the opposite chest. There were no other operative 
deaths. Additional complications included transient 
hoarseness in 8 patients, chylothorax in 1, and anas- 
tomotic leak in 1. After an average follow-up of 25 
months for the 21 surviving patients, ability to eat is 
regarded as good in 18 (85%), fair in 1 (5%), and poor 
in 2 (10%). 

In patients with incapacitating esophageal neuro- 
motor disease, a more radical operative approach— 
esophagectomy—may be safer and more reliable than 
attempting another procedure and risking another 
failure. Esophagectomy ensures definitive elimina- 
tion of the esophageal problem and as optimal an 
ability to eat as possible. Our experience suggests 
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that the stomach, with a cervical esophagogastric 
anastomosis, offers a better functional esophageal 
substitute than does a colonic interposition. 


The esophageal surgeon will inevitably en- 
counter the unfortunate patient who has un- 
dergone one or more unsuccessful operations 
as treatment for esophageal neuromotor dys- 
function associated with a variety of diseases, 
including esophageal spasm, achalasia, scle- 
roderma, and esophageal atresia. The surgical 
options for such individuals are either to at- 
tempt another operation to rectify the esoph- 
ageal problem, preserving the esophagus but 
accepting the risk of another failure, or to 
abandon the esophagus for a visceral esoph- 
ageal substitute. There is, of course, no abso- 
lutely correct course of action with these pa- 
tients; the decision must be based on the 
surgeon’s individual experience with various 
esophageal diseases and operations, perception 
of the likelihood of success given the particular 
patient’s illness, and assessment of the patient’s 
ability to withstand the disaster of another op- 
eration that fails to provide comfortable swal- 
lowing and eating ability. Although benign 
esophageal disease is involved, there can be lit- 
tle doubt that the nutritional, pulmonary, and 
psychological consequences of impaired swal- 
lowing in these patients are at least as urgent as 
in patients with esophageal carcinoma, if not 
more so. 

In recent years, because of vast improve- 
ments in results with visceral esophageal sub- 
stitution, we have tended more toward use of 
esophageal resection and reconstruction in pa- 
tients with incapacitating neuromotor disease, 
particularly those in whom prior operations 
have failed. We believe that the more radical 
operative approach may in fact be the safer, 
more reliable option for the patient, particularly 
in the elderly and debilitated; it ensures de- 
finitive elimination of the esophageal problem 
and as optimal an ability to eat as possible. 
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With greater use of the technique of transhiatal 


(blunt) esophagectomy and cervical esophago- . 


gastric anastomosis, we have been impressed 
that the long-term functional results are better 
and the late complications fewer and more 
easily managed after esophageal replacement 
with stomach rather than colon. This report 
reviews our experience with esophagectomy 
and visceral esophageal substitution as defin- 
itive treatment for neuromotor esophageal dys- 
function. 


Material and Methods 

Over the past six years, 17 women and 5 men 
ranging in age from 20 to 85 years (average, 46 
years) have undergone esophageal replacement 
for neuromotor esophageal dysfunction on the 
thoracic surgery service at the University of 
Michigan Medical Center (Table 1). Esophageal 
obstruction, regurgitation, and severe spasm 
were the common manifestations in these pa- 
tients of the inability to swallow normally. In 
all patients, preoperative evaluation included 
a barium swallow, esophagoscopy, and esoph- 
ageal manometry and acid reflux testing [1]. 
Eleven (50%) of the patients had recurrent re- 
flux esophagitis in association with various 
disorders of motility, including esophageal 
spasm (in 4), achalasia (in 3), scleroderma (in 2), 
or esophageal atresia (in 2). Eight (36%) had 
spasm without other associated esophageal ab- 
normalities, and 3 (14%) had achalasia. 

All these patients had undergone between 
one and four unsuccessful prior esophageal op- 
erations (average, 1.9 operations per patient). 
Four (18%) had had one operation; 11 (50%), 
two operations; 4 (18%), three operations; and 
3 (14%), four operations. The 41 prior opera- 
tions performed in these 22 patients are sum- 

- marized in Table 2. Thoracic -esophagomyot- 
omies had been performed in 14 patients: once 
in 8 patients, twice in 5 patients, and three 


times in 1 patient. Hiatal hernia repairs had - 


been performed in 16: once in 9 patients, 
twice in 6 patients, and four times in 1 patient. 

The definitive esophageal operations per- 
formed in these patients are summarized in 
Table 3. In the 5 patients undergoing trans- 
thoracic esophagectomy, the left thoracoab- 
dominal approach popularized by Mr. Ronaid 


Belsey and described previously [2, 3] was 
utilized. The entire thoracic esophagus was re- 
sected, and a cervical esophageal anastomosis 
was performed either to stomach (in 1 patient) 
or to colon (in 3), brought to the neck through 
the posterior mediastinal route. A partial 
esophagectomy was performed only once, in 
Patient 19, a 24-year-old man with persistent 
obstruction from achalasia after two previously 
unsuccessful esophagomyotomies; reconstruc- 
tion was achieved with a short-segment colonic 
interposition. 

In the remaining 17 patients, transhiatal 
(blunt) esophagectomy [4] was performed, po- 
sitioning the visceral esophageal substitute in 
the posterior mediastinum, in the original 
esophageal bed. A cervical esophagogastric an- 
astomosis was performed in all but 3 of the pa- 
tients in whom the colon was used to replace 
the esophagus. When the gastric fundus was 
mobilized in these 3 patients, there was enough 
concern about the blood supply to the stomach 
following prior operations at the esophagogas- 
tric junction that this organ was not considered 
a safe esophageal substitute. A pyloromyotomy 
and feeding jejunostomy were performed rou- 
tinely in all patients. 


Results 

There was 1 operative death in the series: a 
61-year-old woman (Patient 21) with a 
megaesophagus of achalasia who underwent 
total thoracic esophagectomy through a left 
thoracotomy. Her immediate postoperative 
chest roentgenogram revealed a right hemo- 
thorax that had developed and gone unrec- 
ognized during the esophagectomy. A right 
thoracotomy for control of mediastinal bleeding 
was carried out, but the resulting hypoten- 
sion and subsequent cerebrovascular accident 
eventually led to her death on the sixteenth 
postoperative day. The measured intraopera- 
tive blood loss for each of the 5 patients in the 
group undergoing transthoracic esophagec- 
tomy was 650 ml, 1,700 ml, 2,200 ml, 2,400 ml, 
and 13,000 ml (in the patient with intraopera- 
tive hemorrhagic complication). The average 
blood loss in these patients was 7,000 mi but 
was 1,700 ml if the patient who died is ex- 
cluded. One patient developed a major tho- 
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Table 1. Esophagectomy for Neuromotor Dysfunction 


Patient No., 


Age (yr), 
and Sex 


1. 20, F 
2. 32, F 
3. 68, F 
4. 62, M 


5. 24, F 


19. 24,M 


20. 22, F 


21. 61, F 


22. 39, F 


Esophageal Disorder 


Reflux esophagitis, previous 
esophageal atresia 


Scleroderma reflux 
esophagitis, monilial 
esophagitis 

Achalasia, peptic stric- 
ture following esoph- 
agogastrostomy 


Spasm 


Barrett’s ulcer, peptic stric- 
ture, previous esophageal 
atresia; spasm 

Scleroderma reflux esoph- 
agitis, stricture 

Spasm, GER 

Spasm 


Achalasia, HH, peptic stric- 
ture 
Spasm, GER 


Achalasia, spasm 


Spasm, GER 
Achalasia, peptic stricture 


Achalasia 
Spasm 
Spasm 
Spasm 


Spasm 


Achalasia 


Spasm 


Achalasia 


Spasm, GER 


Prior Esophageal Operations 
(Interval Before Esophagectomy) 


Repair of esophageal atresia (20 yr); Collis- 
Belsey HH repair (28 mo); conversion to 
Collis-Nissen HH repair (18 mo) 

Collis-Belsey HH repair (4 yr); conver- 
sion to Collis-Nissen HH repair (18 mo) 


Thoracic esophagomyotomy (23 yr); distal 
esophagectomy and esophagogastrostomy 
(10 yr) 

Abdominal esophagomyotomy, HH repair, 
V&P (7 yr); thoracic esophagomyotomy, 
Collis-Belsey HH repair (6 yr) 

Repair of esophageal atresia (24 yr); re- 
vision of anastomotic stricture (21 yr); 
repair of perforation (2 yr); Collis- 
Belsey HH repair (1 yr); dilations 

Collis-Belsey HH repair (1 yr}; dilations 


Thoracic esophagomyotomy (34 mo) 


Nissen fundoplication (17 me); takedown of 
Nissen, thoracic esophagomyotomy, 
Collis-Nissen HH repair (9 mo) 


Multiple pneumatic dilations (2 yr) 


Transabdominal HH repair (x3); trans- 
thoracic HH repair (all within 10 yr) 

Thoracic esophagomyotomy (x3) (9 yr, 7 yr, 6 
yr); distal esophagectomy, short-segment 
colon interposition (4 yr); revision of col- 
‘ogastric anastomosis (X2) (2 yr, 1 yr) 

Thoracic esophagomyotomy (5 yr) 

Thoracic esophagomyotomy (8 yr); multiple 
dilations 

Thoracic esophagomyotomy (28 yr); thoracic 
esophagomyotomy (10 yr) 

Transabdominal HH repair (20 yr); Collis- 
Nissen HH repair (3 yr) 

Thoracic esophagomyotomy, Collis-Nissen 
HH repair (2 yr) 

Collis-Nissen HH repair (3 yr); thoracic 
esophagomyotomy (1 mo) 

Cervical and thoracic esophagomyotomy (3 
yr); Nissen fundoplication (18 mo); thoracic 
esophagomyotomy (1 yr) 

Thoracic esophagomyotomy (6 yr); thoracic 
esophagomyotomy, Collis-Belsey HH repair 
(2 mo) 

Esophagogastrostomy (10 yr); Nissen 
fundoplication (4 mo); thoracic esoph- 
agomyotomy, takedown of Nissen, 
Collis-Belsey HH repair (1 mo) 

Thoracic esophagomyotomy, esophagogas- 
trostomy (6 mo) 


Nissen fundoplication (5 yr); thoracic 
esophagomyotomy (2 yr); takedown of Nis- 
sen (18 mo) 


Definitive 
Esophageal 
Operation 


THE; LS colon interpo- 
sition 


THE; cervical EG 


THE; cervical EG 


THE; cervical EG 


THE; LS colon interpo- 
sition 


THE; cervical EG 


THE; cervical EG 
THE; cervical EG 


THE; cervical EG 


THE; LS colon interpo- 
sition 

THE; resection of colon 
interposition; cervical 
EG 


THE; cervical EG 
THE; cervical EG 


THE; cervical EG 
THE; cervical EG 
THE; cervical EG 
THE; cervical EG 


Transthoracic 
esophagectomy; cer- 
vical EG 


Transthoracic distal 
esophagectomy; SS 
colon interposition 


Transthoracic 
esophagectomy; LS 
colon interposition 


Transthoracic 
esophagectomy; LS 
colon interposition 

Transthoracic 
esophagectomy; LS 
colon interposition 





HH = hiatal hernia; GER = gastroesophageal reflux; THE = transhiatal (blunt) esophagectomy; EG = esophagogastros- 
tomy; LS = long-segment colon interposition; SS = short-segment colon interposition; V&P = vagotomy and pyloroplasty. 
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Table 2. Esophageal Replacement for Neuromotor 
Disease: Prior Operations in 22 Patients 


No. of 

Operation Patients 
Thoracic esophagomyotomy 14 

Once s 8 

Twice 5 

Three times 1 
Hiatal hernia repair 16 

Once 9° 

Twice 6 

Four times 1 
Repair of esophageal atresia 2 
‘Takedown of fundoplication 2 
Pneumatic dilation 2 
Short-segment colonic 1 

interposition 
Distal esophagogastrostomy 1 
Distal esophagoplasty 1 
Revision of anastomotic stricture 1 
Repair of perforation 1 
Total 41 operations 


racotomy wound infection and empyema post- 
operatively. The days of hospitalization after 
operation among the 4 surviving patients in 
this group ranged from 10 to 45 days (average, 
20 days), 

Among the 17 patients who underwent 
transhiatal (blunt) esophagectomy without 
thoracotomy, there were no operative deaths. 
Five patients (29%) required chest tubes, due to 
intraoperative entry into one or both pleural 
cavities. Intraoperative blood loss in this group 
ranged from 300 to 3,000 ml (average, 1,100 ml). 


Postoperative complications included a chylo- 
thorax that subsequently required thoracot- 
omy for control, and a cervical esophagogas- 
tric anastomotic leak that closed spontaneously 
within two weeks. Hospitalization after op- 
eration ranged from 9 to 30 days (average, 15 
days). Eight (47%) of these patients experi- 
encec some degree of postoperative hoarseness ' 
related to recurrent laryngeal nerve traction at 
the time of their blunt superior mediastinal 
dissection or construction of the cervical an- 
astomosis. This subsided spontaneously with- 
in 3 months of operation in all but 1 patient, 
who required a Teflon injection of the vocal 
cord to restore her voice. 

The 21 surviving patients in this series have 
been followed from 2 to 84 months (average, 25 
months). Their ability to eat has been assessed 
by personal patient interview. Eighteen (85%) 
of these patients have had a good result, as in- 
dicated by their ability to eat a normal diet and 
their perception of their improvement since 
operation. Patient 19, who underwent distal 
esophagectomy and _ short-segment colonic 
interposition for achalasia after two previous 
esophagomyotomies and an antireflux opera- 
tion, has had a fair result, eating a regular diet 
but complaining of prominent reflux symptoms 
and postprandial abdominal distress. Both he 
and Patient 5, who had a colonic interposition, 
have required revision of their cologastric 
anastomoses for redundancy and secondary 
delayed emptying that have developed during 
follow-up. The 2 patients with poor results in 
this series, Patients 8 and 22, have both had 
years of severe esophageal spasm and asso- 


Table 3. Esophageal Replacement for Neuromotor Disease: 


Definitive Operations Performed in 22 Patients 


Operations 


Transhiatal (blunt) esophagectomy without thoracotomy 


Esophageal replacement using stomach 

Esophageal replacement using colon 
Transthoracic esophagectomy 

Esophageal replacement with stomach 

Esophageal replacement with long-segment colon 

Short-segment colonic interposition 


Total 


No. of Patients 


17 (77%) 
14 
3 

5 (23%) 
1 
3 
1 

22 (100%) 
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ciated psychological problems that antedated 
their esophagectomies. Complaints of a poor 
appetite, inability to eat normal amounts of 
food, and thoracic and abdominal distress have 
continued in these patients. 

All patients undergoing a cervical esophageal 
anastomosis are instructed to return for outpa- 
tient anastomotic dilation -if any degree of per- 
sistent cervical dysphagia is noted after dis- 
charge from the hospital. Thus, 8 (38%) of these 
patients have had an occasional outpatient di- 
lation performed during their follow-up in our 
clinic. Only 3 (14%), however, have required 
dilation of true anastomotic strictures beyond 
the first 6 months after operation, 1 of these pa- 
tients having had a postoperative anastomotic 
leak. This latter patient has undergone revision 
of his cervical esophagogastric anastomosis 17 
months after esophagectomy. Varying degrees 
of postvagotomy diarrhea, generally transient 
and well controlled with diet and medication, 
have been experienced by 9 (43%) of these pa- 
tients. Finally, in no patient in this series has 
clinical gastroesophageal reflux resulted in 
pulmonary complications. Nocturnal regurgi- 
tation in the supine position has been experi- 
enced by 4 patients (9%), in 2 after colonic 
interposition (1 short segment and 1 long seg- 
ment), and in 2 after cervical esophagogastric 
anastomosis. One of these latter 2 patients, Pa- 
tient 18, had undergone a cervical esophago- 
myotomy for cricopharyngeal spasm prior to 
her esophagectomy and now has unchecked 
reflux from her intrathoracic stomach into her 
pharynx. All the other patients in this series 
sleep comfortably at night in a normal supine 


position, and emphatically deny experiencing | 


any posturally related regurgitation. 


Comment 

In most patients with neuromotor esoph- 
ageal dysfunction—achalasia, spasm, or scle- 
roderma—-for which there are no current 
cures, surgical therapy is palliative, aimed at 
relieving obstructive symptoms or pain with 
an esophagomyotomy, or preventing gastro- 
esophageal reflux by creating a competent 
distal esophageal sphincter in the presence of a 
hypomotile esophagus. While gratifying relief 
of disabling esophageal symptoms may be 


achieved with these operations, failures are not 
uncommon. The patient with achalasia may ex- 
perience temporary benefit from one or more 
pneumatic dilations only to develop recurrent 
obstruction, at times from a peptic stricture that 
has followed iatrogenic incompetence of the 
lower esophageal sphincter (Patient 9). Simi- 
larly; esophagomyotomy may relieve the ob- 
struction in achalasia for years, but symp- 
toms may ultimately recur, as in Patients 13 and 
19, due to either healing of the previously 
divided muscle or reflux esophagitis, which 
may occur in as many as 30% of patients after 
esophagomyotomy [5, 6]. The patient with 
gastroesophageal reflux and associated severe 
esophageal spasm may be relieved of acid re- 
gurgitation with an antireflux operation, but 
despite the performance of a concomitant 
esophagomyotomy, spasm may persist or re- 
cur as in Patients 4, 16, 17, and 20. The patient 
with scleroderma reflux esophagitis and se- 
vere stricture formation may be relieved of 
reflux symptoms after a Collis gastroplasty- 
fundoplication operation [7], but marked dys- 
phagia may persist because of an atonic 
esophagus in combination with distal esoph- 
ageal fibrosis and a now-competent lower 
esophageal sphincter, as experienced by Pa- 
tient 6. Finally, in the patient with a history 
of esophageal atresia in infancy, there is most 
often a permanent motility disorder, frequently 
associated with gastroesophageal reflux [8], and 
long-term complications of reflux esophagitis 
are common, as in Patients 1 and 5. These are 
situations in which esophageal resection and 
visceral esophageal substitution may provide 
definitive and reliable relief from impaired . 
swallowing or pain from esophageal spasm. In 
1977, we noted a trend toward more esophageal 
replacement operations for long-term failures 
of esophagomyotomy for neuromotor abnor- 
malities [9]. While such an approach may seem 
overageressive when salvage of the esophagus 
has been the more traditional aim of operations 
for benign disease, this may actually be the 
sazer option for the patient. 

Although esophagectomy provides definitive 
elimination of esophageal disease, our inten- 
tion is not to imply that this option should be 
the primary form of treatment for neuromotor 
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esophageal dysfunction. Correct initial diag- 
nosis of the esophageal abnormality, utilizing 
manometry and intraesophageal acid reflux 
testing in addition to esophagoscopy, standard 
barium swallow, and the solid barium meal 
study, is essential in planning appropriate 
operative therapy, which should be successful 
in the majority of patients with these problems. 
As is true in most surgical disciplines, the 
surgeon who first operates for esophageal 
neuromotor dysfunction has the best opportu- 
nity to effect a successful outcome in that pa- 
tient. The wrong operation will not work here, 
no matter how well it is performed. 

Patients 8, 10, 15, and 22, for example, had 
undergone antireflux operations for symptoms 
that subsequently proved to be due to diffuse 
(primary) esophageal spasm. Patient 4 had 
undergone a limited transabdominal distal 
esophagomyotomy for presumed achalasia; 
manometric evaluation later documented 
spasm, not achalasia. Patient 11, who had com- 
plained of oppressive retrosternal pain and in- 
termittent dysphagia, had undergone three 
distal esophagomyotomies for achalasia; he, 
too, subsequently proved to have esophageal 
spasm. A distal esophagomyotomy will not re- 
lieve the chest pain and dysphagia of diffuse 
spasm (as in Patients 4 and 11), which requires 
a long thoracic esophagomyotomy. Resecting 
the distal esophagus and performing a short- 
segment colon interposition for persistent dif- 
fuse spasm leaves half of the diseased organ in 
situ and will not totally eliminate the patient’s 
symptoms. Thus, Patient 11 required resection 
of his remaining intrathoracic esophagus for 
relief of his chest pain and dysphagia. Opera- 
tions such as esophagogastrostomy or distal 
esophagoplasty, which are intended to relieve 
the distal obstruction of achalasia or spasm, 
should never be performed without providing 
an antireflux mechanism, as the disastrous 
consequences of subsequent reflux esophagi- 
tis are virtually inevitable (Patients 3 and 21). 
When an esophagomyotomy for achalasia is 
carried across the lower sphincter and onto the 
stomach, an antireflux operation must be per- 
formed to prevent later esophagitis (Patient 13). 
Serious consideration must be given before one 


attempts a second or third thoracic esophago- 


myotomy for either achalasia or esophageal 
spasm. In our experience, an initial failure 
of this procedure frequently suggests that a 
repeat esophagomyotomy will also be unsuc- 
cessful. We believe that at least one-third of 
the esophagectomies reported in this series 
could have been averted had either correct ini- 
tial diagnoses been made or more appropriate 
early surgical therapy been undertaken. 

Despite our initial expressed concern about 
possible contraindications to transhiatal esoph- 
agectomy without thoracotomy [4], this op- 
eration has proved to be applicable in pa- 
tients with megaesophagus of achalasia (Fig 1) 
and with esophageal spasm, even after prior 
esophagomyotomy, as well as in patients who 
have had multiple previous esophageal opera- 
tions (Fig 2). 

Patients with recurrent or persistent esoph- 
ageal spasm after previous esophagomyotomy 
constitute an extremely difficult problem, often 


‘complicated by gastroesophageal reflux or a 


history of previous antireflux operations. Typi- 
cal findings of esophageal spasm may not 


be apparent if manometry is performed when 


the patient is having no pain. Functional 
esophageal obstruction may be documented 
objectively only by the feeding of a solid. 
barium meal (for example, hamburger, marsh- 
mallow, or bread) and fluoroscopically ob- 
serving the passage of this bolus of food 
through the esophagus. In our experience, 
complaints of chronic abdominal and thoracic 
pain in these patients are common. We have. 
performed esophagectomy in this group only 
when all conservative measures, including 
dilation, sedation, tranquilizers, smooth mus- 
cle relaxants, and analgesics, have failed to pro- 
vide relief. Our 2 patients with poor results 
from esophagectomy both had esophageal 
spasm and had undergone one or more 
esophagomyotomies and antireflux procedures. 


They have continued to complain of chest and 


abdominal pain and are unable to eat a diet that 
is normal in either consistency or amount. 
Although colon rather than stomach has been 
favored by some [2] as an esophageal replace- 
ment for benign disease, we believe that the 
long-term functional difficulties with colonic 


interposition after esophagectomy are more 
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Fig 1. (A) Preoperative barium swallow in an 85-year- 
old woman (Patient 9) with a megaesophagus of 
achalasia, a sliding hiatal hernia, and a distal peptic 
stricture (arrow) following prior pneumatic dilations. 
The risk of thoracotomy in this patient was prohibitive, 
and there was great concern about our ability to per- 
form a successful myotomy across the inflamed, stric- 
tured esophagogastric junction. (B) Postoperative 
barium swallow in Patient 9 following transhiatal 
esophagomyotomy. The patient was discharged able to 
eat after 16 days and has enjoyed normal eating without 
regurgitation for 17 months since her operation. Silver 
clip markers (arrow) indicate level of cervical 
esophagogastric anastomosis above the clavicles. 





frequent and severe than when the stomach has 
been mobilized through the posterior medias- 
tinum for a cervical esophagogastric anas- 
tomosis. Redundancy and tortuosity of colon 
grafts have required revision of cologastric 
anastomoses in 2 of our patients. Retention of 
food associated with retrosternal discomfort 
and halitosis have occurred in several of our 
patients and have been reported by others [10]. 
We have documented regurgitation of retained 
intracolonic contents from retrograde emptying 
due to colon spasm, even when the graft has 
been utilized in an isoperistaltic fashion. The 
occasional cologastric or coloesophageal anas- 
tomotic stricture that forms generally requires 
direct operative revision since dilation is too 


dangerous with colon as an esophageal substi- 
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Fig 2. (A) Preoperative barium swallow in Patient 5, a 
24-year-old woman who had undergone primary repair 
of esophageal atresia in infancy, resection of an anas- 
tomotic stricture at age 3 years, transthoracic repair of 
an esophageal perforation at age 22 years, and intra- 
operative dilation of a peptic stricture and Collis-Belsey 
hiatal hernia repair at age 23. She had severe 
esophageal spasm associated with a Barrett's ulcer 
(arrow) and her lower esophagus was lined with colum- 
nar epithelium. (B) Postoperative barium swallow in 
Patient 5 following transhiatal esophagectomy and 
long-segment colonic interposition. 


September 1982 
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tute. And finally, although the naturally al- 
kaline colonic mucosa constitutes an excellent 
barrier against gastric acid and the interposed 
colon has been shown to contract in response to 
stimulation with acid [11], reflux from the 
stomach through the distal short-segment co- 
lonic interposition and into the remaining in- 
trathoracic esophagus does occur; in our expe- 
rience, it may be responsible for typical reflux 
symptoms postoperatively. 

With a cervical esophagogastric anastomosis, 
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on the other hand, late complications are basi- 
cally limited to the need for chronic dilation, 
which has been the case in 3 (14%) of our pa- 
tients followed beyond 6 months. Outpatient 
dilation without anesthesia, using Hurst- 
Maloney bougies, is relatively simple and has 
been possible in every instance. Our preference 
for total thoracic esophagectomy in the majority 
of these patients is in part a reflection of our 
belief that an intrathoracic esophageal anas- 
tomosis should be avoided whenever possible. 
Furthermore, with neuromotor esophageal dis- 
ease, there seems little logic in preserving any 
more abnormal esophagus than is necessary. In 
our experience, the higher the esophageal 
anastomosis, the more frequent are the initial 
postoperative complaints of transient dys- 
phagia. With a cervical anastomosis, however, 
the patient quickly learns to propel swallowed 
food from his peristaltic pharynx and cervical 
esophagus across the anastomosis and into the 
relatively atonic esophageal substitute. Gas- 
troesophageal reflux has been a surprisingly 
rare occurrence after total thoracic esopha- 
gectomy with a cervical esophagogastric an- 
astomosis. The reflux that almost inevitably 
occurs with an intrathoracic anastomosis is re- 
sponsible for the development of symptomatic 
esophagitis and stricture formation in 25 to 40% 
of all patients [12], and is the major deterrent to 
the use of this procedure in patients with be- 
nign disease who have years of expected re- 
maining life. This complication, however, is 
minimized when the entire stomach is an in- 
trathoracic organ; symptoms of postoperative 
reflux in our patients have been the exception 
rather than the rule. The presence of an intact 
upper esophageal sphincter is a vital barrier 
against reflux in the patient undergoing a cervi- 
cal esophagogastric anastomosis, however, and 
we would replace the esophagus with colon 
rather than stomach in any patient with a his- 
tory of previous cervical esophagomyotomy. 
Finally, while the late development of gastric 
ulceration has been reported in patients whose 
stomach is intrathoracic [13], we have not ex- 
perienced this complication. 

The ability to eat and enjoy a normal diet that 
we have observed in the majority of our pa- 


tients treated with a cervical esophagogastros- 
tomy has substantially altered our manage- 
ment of benign esophageal disease requiring 
esophageal replacement. We now challenge the 
teaching that colonic interposition is a better 
option because it is a “more natural” esoph- 
ageal substitute in that it preserves the gas- 
tric reservoir. In our experience, this is not an 
important function, and patients can eat well 
whether their stomach is in the abdomen or in 
the thorax! While further follow-up will be re- 
quired to document the long-term function of 
the stomach as an esophageal replacement for 
benign disease, our current experience suggests 
that stomach is superior to colon not only be- 
cause of greater technical ease in using this 
organ at operation, but also because of a lesser 
incidence of late, difficult to manage complica- 
tions. 
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Discussion 


DR. DAVID B. SKINNER (Chicago, IL): I congratulate 
Drs. Orringer and Orringer on a fine paper. The 
patients in their series had difficult problems that 
were handled very well. However, ‘this raises a 
number of important points. We could discuss vari- 
ous techniques of esophageal replacement; we could 
debate the merits of cervical versus transthoracic 
anastomosis or total versus subtotal esophagectomy; 
or we could consider transhiatal resection of the 
esophagus. However, I believe we should concen- 
trate on the real message of this paper: 22 patients 
required a major and somewhat risky operation be- 
cause previous operations failed. After carefully 
analyzing Dr. Orringer’s paper, I have found reasons 
to be critical of the original choice of operation in 
nearly all of these patients. For example, the 6 pa- 
tients with achalasia were treated initially by Heller 
operation without having an antireflux repair, and 
these operations failed either because the myotomy 
caused reflux or because, in an effort to avoid reflux, 
the surgeon did not carry the myotomy far enough on 
to the stomach, so that the obstruction remained un- 
relieved. To make matters worse, 2 of the patients 
with achalasia had esophagogastric anastomoses, 
which are guaranteed to cause severe esophagitis. 

Nine patients in this series had motor disorders, 
and were first treated by full 360-degree Nissen fun- 
doplication, which was combined with Collis gas- 
troplasty in 6 patients. A standard Nissen operation 
is known to cause further difficulties with dysphagia 
in patients having motor disorders. The number of 
hiatal hernia repairs performed in patients with 
motor disorders also shows poor surgical planning. 

I’ would like to raise a controversial point. Dr. 
Thomas DeMeester and I have reported that dys- 
phagia is a more common symptom in patients who 
have a hiatal hernia measuring 3 cm or more than in 
those who have reflux without a hiatal hernia. We 
believe our data indicate that this is due to shorten- 
ing of the esophagus in the larger hernias. The fully 
stretched out esophagus seems to provide more ef- 
fective peristalsis—perhaps an application of Star- 
ling’s hypothesis to the esophagus. 

We object to the use of a Collis gastroplasty in pa- 
tients with motor disorders, because the procedure 
leaves or creates a shortened esophagus that may 


provide inefficient peristalsis. Indeed, 11 of the 22 
patients in Dr. Orringer’s series have had a Collis 
gastroplasty performed in the past. 

This excellent paper stimulated me to review 72 
patients whom I have operated on for neuromuscular 
disorders over the past nine years. In that group, I 
found that there were 19 patients who were referred 
for reoperation and had similar histories, including 
Nissen procedures, Collis gastroplasties, and Heller 
operations without antireflux repair. However, 9 of 
these patients were eventually treated by the correct 
operation, which I believe is a myotomy with a` 
modified fundoplication. The results in these 9 pa- 
tients were at least as good as or better than in the 10 
who required resection, or in those in Dr. Orringer’s 
series. 

So, although I congratulate the Drs. Orringer and 
Orringer on their success in handling the difficult 
problems they have described, the message, I think, 
is that the most difficult reoperative cases can be 
avoided if more attention is paid to making a knowl- 
edgeable decision about the first operation for 
neuromuscular disorders. 


DR. STANLEY C. FELL (Chappaqua, NY): Drs. Orringer 
and Orringer performed two esophagectomies for 
scleroderma. I would like to point out that 
esophageal scleroderma may occur in the absence of 
cutaneous manifestations, leading to errors in 
diagnosis and management. 

A 60-year-old man with no cutaneous evidence of 
scleroderma had dysphagia and reflux, and had 
undergone operation for a hiatal hernia six years 
previously. He subsequently developed an undilat- 
able stricture, and when he was first seen by us could 
only ingest liquids. Preoperative barium studies 
demonstrated that the duodenum and colon had 
sclerodermatous disease. I would not advise per- 
forming colon interposition in patients with 
scleroderma, since the colon may be involved in 40% 
of patients with the disease. Gastric involvement, 
however, is very rare. Esophageal motility studies 
were classic for scleroderma in this patient. Because 
the patient’s esophagus was huge, we performed 
transthoracic resection and esophagogastrostomy, 
with the anastomosis made in undiseased esoph- 
agus. The esophageal specimen demonstrated mus- 
cular atrophy and collagen infiltration. Three years 
after the operation, the patient remains well. 


DR. KAMAL A. MANSOUR (Atlanta, GA): I understand 
the difficulties of operating on the distal esophagus 
for the second or third time; performing a bypass 
might be easier than trying to do a repair. But before; 
attempting such a radical operation, one should con-: 
sider some less drastic means of handling the prob- 
lem, especially in older patients. The prior opera- 
tions on the patients in Dr. Orringer’s series were 


= 
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usually unsuccessful because of inadequate myot- 
omy or failure to combine myotomy with an anti- 
reflux procedure. 

One of my patients, for example, had had incom- 
plete myotomy, which ended in obstructive symp- 
toms and what appeared to be an epiphrenic 
diverticulum. The problem was resolved by cutting 
the tight circular muscle fibers that remained from 
the previous operation. In another case, a patient 
with recurrent achalasia and distal esophageal stric- 
ture required a repeat myotomy and a Wendel-type 
esophagoplasty combined with an antireflux proce- 
dure. Concerning the use of the stomach for sub- 
stitution, I would like to ask Drs. Orringer and Or- 
ringer if they took any measures to prevent reflux. 
Admittedly, the two-year follow-up period is too 
short to allow me to comment on the incidence of re- 
flux or regurgitation, along with their dreaded com- 
plications. 

Drs. Orringer and Orringer must be very brave 
to perform 17 blunt or blind transmediastinal 
esophagectomies in situations in which the lower 
esophagus was operated upon from one to four times 
previously. The esophagus, in our experience, is 
usually scarred by a tremendous number of adhe- 
sions, and is affixed to the aorta and other sur- 
rounding structures. 


DR. ROBERT D. HENDERSON (Toronto, Ont, Canada): I 
would like to relate my experience concerning a pa- 
tient who had advanced diffuse esophageal spasm 
unresponsive to multiple previous operations, but 
who had previously undergone a 90% gastrectomy. 
Under these circumstances, the residual 10% of 
stomach was obviously an inappropriate replace- 
ment for the esophagus, and I believed that making a 
colonic anastomosis to the apex of the stomach would 
produce a reflux situation, which also would be un- 
desirable. I got around this problem by using the 
retrosternal approach, leaving approximately a 10 cm 
length of colon in the abdomen. This technique 
seemed fairly efficient as a means of reflux control, 
and I think it is well worth considering. 

I agree that complicated esophagi can be removed 
transabdominally using the blind approach, which 
can be extended by splitting the diaphragm an- 
teriorly. The extension provides much better exposure 
of the distal third of the esophagus and allows 
direct-vision dissection, eliminating some of the 
blunt nature of the procedure. I do not believe that 
the technique is appropriate for nodal dissection; 
however, it is appropriate for removal of a scarred 
and fixed esophagus. 


DR. M. B. ORRINGER: I thank the discussants for their 
comments. Dr. Skinner, of course, has highlighted a 
major point that must be emphasized in treating 
patients who have such difficult problems: in 


esophageal surgery, the first surgeon has the best 
shot at doing the job right. Many of these patients 
had undergone multiple operations in the past, often 
without what we now consider adequate diagnostic 
studies. There can be little doubt that recent im- 
provements in the surgical treatment of benign 
esophageal disease stem largely from the better 
diagnostic tools now at our disposal. 

I agree that the Collis gastroplasty with a standard 
4 to 5 cm fundoplication, which we have advocated 
for treatment of reflux esophagitis, may perhaps 
create a lower esophageal high pressure zone that 
is too competent for the atonic esophagus of scle- 
roderma or spasm to overcome, and that a shorter 
fundoplication of the kind advocated by Dr. Hender- 
sen can eliminate some of the dysphagia we have en- 
cauntered in these patients postoperatively. But, as a 
rule, I still believe that a total fundoplication can be 
successful, even in patients with atonic esophagi. For 
a number of years, this procedure has been used in 
hundreds of European patients undergoing esoph- 
agomyotomy for achalasia; a complete fundoplica- 
tion to prevent subsequent reflux is routine. In 
our experience with achalasia, both the Collis gas- 
troplasty and Belsey partial fundoplication have 
been associated with increased esophageal obstruc- 
tion, In patients with esophageal spasm, however, 
the  Collis-Nissen reconstruction after esopha- 
gomyotomy has resulted in only occasional mild 
dysphagia, 

Dr. Fell’s comments are appreciated. My brother 
and I recently reported our experience in treating 37 
sclerodermatous patients who underwent a Collis 
gastroplasty in combination with either a Belsey 
or Nissen fundoplication for control of reflux 
esophagitis. We have not had to resort to resectional 
therapy for any of our patients with scleroderma. The 
majority of these patients can be treated by dilation of 
their strictures and by Collis gastroplasty combined 
with fundoplication, as we have described for 
standard reflux esophagitis. 

Dr. Mansour, we believe that less drastic operations 
that seem to be safer for use in elderly patients with 
complicated esophageal problems are actually much 
more taxing physiologically, as well as more danger- 
ous. The 85-year-old patient my brother mentioned 


"in his presentation was a small, frail woman with a 


peptic stricture resulting from multiple pneumatic 
dilations for achalasia. She could have been treated 
with a very limited distal esophageal resection and 
an. esophagogastric anastomosis. However, this ap- 
proach would not only have left her with gas- 
trcesophageal reflux, but would also have subjected 
her to a thoracotomy that we simply did not believe 
she could tolerate. The patient’s megaesophagus was 
readily resected through the transhiatal route, de- 
creasing the physiological hardship on her and 
avoiding an intrathoracic anastomosis. 
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Transhiatal esophagectomy is not a blind opera- 
tion. Using currently available table-mounted upper 
abdominal retractors, one obtains excellent exposure 
of the diaphragmatic hiatus and can perform this op- 
eration with a single assistant. With the addition of 
small retractors inserted into the diaphragmatic 
hiatus, the lower 10 to 12 cm of esophagus can be 
observed up to the level of the carina, allowing inter- 
ruption of the esophageal blood supply under direct 
vision. The esophagus can easily be mobilized from 
its upper end to the level of the carina. Blind dissec- 
tion is done only in the portion of esophagus im- 
mediately in the subcarinal and subaortic area. With 
increased experience, one learns how to assess resec- 
tability and complete the blunt dissection. 

We believe that operations that may appear very 
radical are actually not. The postoperative course in 
patients who underwent these so-called radical oper- 


ations has been quite smooth. Their ability to eat has 
been better, and they have had fewer functional 
problems than patients in whom we replaced the 
esophagus with the colon; also, reflux has been a 
surprisingly infrequent problem. This last point has 
been one of our major concerns. One of the questions 
we repeatedly ask our patients when they return for 
follow-up is: Are you sleeping flat, or on several pil- 
lows as you have been instructed? In our group of 
more than 100 patients who had esophagectomies 
with cervical anastomoses, not more than 5 have fol- 
lowed our instructions to elevate the head of their 
bed on blocks. The others freely admit that they have 
no reason to sleep propped up, and they simply use 
one pillow because they don’t have troublesome re- 
flux. Clinically important reflux in these patients just 
has not been a problem—at least not by the time of 
the two-year follow-up examination. 


Optimal Myocardial Protection 
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and Timothy J. Gardner, M.D. 


ABSTRACT An oxygenated perfluorocarbon car- 
dioplegic solution was examined, utilizing a blood- 
perfused canine model. Twenty-one animals were 
divided into three equal groups, and each animal re- 
ceived Fluosol cardioplegia at one of three infusion 
temperatures: 20°C, 10°C, or 4°C. All hearts under- 
went 90 minutes of ischemia, during which time 150 
mil of the cardioplegic solution was infused every 30 
minutes. Myocardial oxygen and carbon dioxide 
tensions (PmO, and PmCO,) were monitored con- 
tinually using mass spectrometry, and myocardial 
oxygen consumption was calculated with each 
cardioplegic injection. 

The mean increase in PmO, was 7.1 + 0.9 mm Hg 
with 20°C Fluosol infusions, 31.1 + 4.7 mm Hg with 
10°C Fluosol injections, and 22.2 + 4.7 mm Hg with 
-infusions of 4°C Fluosol. Average myocardial oxygen 
consumption, expressed as cubic centimeters of oxy- 
gen per 100 gm of left ventricle (wet weight), was 21.2 
+ 0.5 with 20°C Fluosol, 22.8 + 1.3 for 10°C Fluosol, 
and 19.6 + 1.0 for 4°C Fluosol. Mean myocardial tem- 
peratures with infusions of 20°C, 10°C, and 4°C solu- 
tions were 21.4 + 0,1°C, 16.9 + 0.4°C, and 15.9 + 
0.5°C, respectively. After 45 minutes of reperfusion, 
maximum rate of rise of left ventricular pressure, ex- 
pressed as percentage of preischemic control, was 
70.9 + 3.9% for 20°C Fluosol, 90.9 + 3.2% for 10°C 
Fluosol, and 90.4 + 2.3% for 4°C Fluosol (p < 0.005, 
20°C versus 10°C, 4°C Fluosol). In addition, the 10°C 
and 4°C Fluosol hearts had essentially normal struc- 
ture by light and electron microscopy. These data 
demonstrate that Fluosol cardioplegia results in near 
optimal myocardial pratection when infused at cold 
temperatures (4°C to 10°C). The increases in in- 
tramyocardial oxygen and myocardial oxygen con- 
sumption with each injection demonstrate that there 
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is enhanced oxygen delivery and utilization, which 
may account for the improved functional recovery 
observed in these hearts. 


To obtain optimal myocardial protection during 
prolonged global ischemia, chemical cardio- 
plegia and myocardial hypothermia have be- 
come widely accepted clinical techniques. Schaff 
and associates [1] have demonstrated that the 
protective effects of both hypothermia and 
potassium-induced arrest are additive. A min- 
imal energy requirement persists in the cold 
arrested heart in order to meet basal meta- 
bolic demands, and continued utilization of 
high-energy phosphates during global isch- 
emia has been documented using the phospho- 
rus 31 nuclear magnetic resonance technique 
[2]. While it has been suggested that cold blood 
may be used as a cardioplegic medium to de- 
liver oxygen to the arrested heart, studies from 
this laboratory have confirmed that blood fails 
to release a significant quantity of oxygen to the 
myocardium at low temperatures [3]. 

The synthetic compound Fluosol, a perflu- 
orocarbon solution that possesses high oxygen 
solubility, can release oxygen regardless of 
the myocardial temperature [4]. In a previous 
study by Kanter and associates [5], hearts pro- 
tected with Fluosol-43 cardioplegia had im- 
proved ventricular function after ischemia 
compared with hearts treated with either blood 
or crystalloid cardioplegia; presumably, the 
improved function was due to enhanced oxy- 
gen delivery and utilization. The present study 
was undertaken in an attempt to confirm the 
effectiveness of Fluosol cardioplegia in a 
blocd-perfused, canine heart model at three 
infusion temperatures: 20°C, 10°C, and 4°C. 


Materials and. ‘Methods 
After. the’ ‘induction of appropriate general 
anesthesia, 21: dogs weighing between 20 and 
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25 kg underwent left anterolateral thoracotomy 
and were placed on cardiopulmonary bypass. A 
Harvey Model H200 oxygenator was primed 
with heparinized homologous blood and saline 
solution, and the left subclavian artery was 
cannulated for arterial inflow while venous re- 
turn was collected through a right ventricular 
catheter. The left ventricle was vented through 
the left atrium. After the sinoatrial node was 
crushed, bipolar pacemaker leads were attached 


to the heart to permit ventricular pacing at 


a constant rate of 120 beats per minute. 
Mean aortic pressure during cardiopulmonary 
bypass was kept between 80 and 100 mm Hg. 
The pH of the perfusate was maintained near 
7.40 by appropriate buffering with sodium 
bicarbonate. By varying gas flow rates to the 
oxygenator, the perfusate oxygen and carbon 
dioxide tensions were maintained at approxi- 
mately 250 mm Hg and 40 mm Hg, respectively. 
A needle thermistor was placed at a mid- 
myocardial depth in the anterior left ventricular 
wall to continuously record myocardial temper- 
ature. A 22-gauge Teflon- coated stainless steel 
probe was inserted adjacent t to the temperature 
probe, and connected to a mass spectrometer 
(Medspec 5-8) in order to monitor myocardial 
oxygen and carbon dioxide tensions (PmO, and 
PmCO,) continuously. The mass spectrometer 
data were corrected for temperature by the 
usual method [6]. 

The heart was isolated in situ ey ligation of 
the descending thoracic aorta, the common 
brachiocephalic trunk, the left subclavian artery, 
the superior and inferior venae cavae, ard the 
azygos vein [7]. Coronary sinus drainage was 
achieved through the venous jeturn catheter 
positioned in the right ventricular cavity. A 
large-bore cannula with ar adjustable con- 
strictor was inserted retrograde in the de- 
scending thoracic aorta, and its tip was secured 
approximately 2 cm distal to the left subdavian 
artery. By adjusting the constrictor in the circuit 
and also allowing for gravity overflow, perfu- 
sion pressure in the aortic root could be main- 
tained at a nearly constant level. The chordae 
tendineae: of the mitral valve were excised 
through a left atriotomy, and a latex balloon 
with an attached plastic button was inserted 
into the left ventricle through the mitral an- 


nulus. The balloon was compliant with volumes 
up to 50 cc, and a flange on the button acted to 
prevent herniation of the balloon through the 
aortic valve during ventricular systole. The 
balloon catheter was connected to a low-volume 
pressure transducer (Statham Db 23), and was 
filled with a volume sufficient to produce a 
control left ventricular end-diastolic pressure of 
10 mm Hg. Isovolumic left ventricular pressure 
was then recorded using a Brush Model II- 
4307-04 amplifier and a Brush Mark 200 direct 
writing recorder. Maximum positive rate of rise 
of left ventricular pressure (dP/dtmax) was ob- 
tained by electronic differentiation using a 
Brush Model 13-4212-02 differentiator with a 
time constant of 0.002 second at a high- 
frequency cut-off of 30 Hz. Developed pressure 
(systolic minus diastolic pressure) and dP/dtmax 
were used as indices of left ventricular function. 

After control functional measurements were 
obtained, intramyocardial gas tensions and 
myocardial temperatures were recorded, and 
global ischemia was induced for 90 minutes. 
Immediately after the onset of ischemia, all 
hearts received 150 ml of the cardioplegic solu- 
tion by injection into the aortic root using a 
hand syringe. Subsequently, additional car- 
dioplegic solution was administered every 30 
minutes during ischemia (Fig 1). The 21 ani- 
mals were divided into three equal study 
groups, and each heart received three doses of 
the Fluosol cardioplegic solution at one of three 
infusion temperatures: 20°C, 10°C, and 4°C. The 
composition of the Fluosol cardioplegic solu- 
tion is as follows: 


Perfluorotributylamine 20.0 gm/100 ml 
Pluronic acid 2.6 gm/100 ml 
Sodium chloride 108 mEq/L 
Potassium chloride 25.0 mEq/L 
Magnesium chloride 43.0 mg/100 ml 
Calcium chloride 9.0 mg/100 ml 
Sodium bicarbonate 210 mg/100 ml 
Glucose 22.0 mmole/L 
Hydroxyethyl starch 2.0 gm/100 ml 
pH 7.4 
Osmolarity 350 mOsm/L 


With each cardioplegic injection, the coro- 
nary sinus effluent was collected, and the oxy- 
gen content of the injectate and of the coronary 
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Fig 1, Experimental protocol. (CP = Fluosol cardio- 
plegic infusion.) 


sinus sample was determined in order to cal- 
culate myocardial oxygen consumption. Con- 
tinuous recording of intramyocardial oxygen 
tension during ischemia allowed for the as- 
sessment of oxygen delivery. During the entire 
period of global ischemia, the intraventricular 
balloon was empty. 

Throughout the period of ischemia, the per- 
fusate was circulated through the oxygenator by 
a separate circuit to'allow for immediate reper- 
fusion at 37°C: Those hearts that developed 
ventricular fibrillation at the onset of reperfu- 


‘sion were. converted to regular rhythm im- 


mediately, using a: single 20 watt-second 
direct-current countershock. For the initial 15 
minutes of reperfusion, a beating, nonworking 
state was maintained by leaving the intraven- 
tricular balloon’ deflated. Following reinfla- 


‘tion of the balloon with the same volume that 


had previously been used for control mea- 
surements, left ventricular function was mea- 
sured at 15-minute intervals, and myocardial 
gas tensions and temperatures were recorded 
continuously. 

The oxygen.tension of the Fluosol cardio- 
plegic solution and of the coronary sinus effluent 


was measured using a Radiometer MK-2 blood 


gas. analyzer. Myocardial oxygen consumption 
from" each injection was calculated, using the 
following formula: 


MVo, = K x volume x (Po,FC — Po.cs) 
100 gm LV (wet weight) 


where Po,FC is the partial pressure of oxygen 


390 min ————— > «45 min iiia 


Normothermic 


Reperfusion 


Post -ischemic 
Functional 
Measurements —> 


(mm Hg) of the Fluosol cardioplegic solution, 
Po. cs is the partial pressure of oxygen (mm Hg) 
of the coronary sinus, volume is the injectant 
volume, and K is the oxygen solubility constant 
for the cardioplegic solution. The K value for 
the Fluosol solution is 1.197 x 1074 cc of oxygen 
per milliliter of solution per mm Hg of partial 
pressure of oxygen [8]. 

After 45 minutes of reperfusion, the experi- 
ment was terminated and the midmyocardial 
position of the gas probe confirmed by dissec- 
tion. The total left ventricular wet weight was 
measured, following which a 1-cm cube of left 
ventricle was weighed separately. This sample 
was then desiccated for 48 hours and weighed 
again, in order to calculate the myocardial water 
content using the following formula: 


(1 — dry weight) 


(1 — wet weight) ae 


Percent water = 

An additional biopsy was ‘taken by section- 
ing the heart transversely at the level of the 
papillary muscle and ‘excising a 2-cm portion 
of the left ventricle. This tissue was placed in 
acetate-buffered 10% formalin, and then was 
embedded in paraffin, sectioned, and stained 
with hematoxylin and eosin and with phos- 
photungsten and hematoxylin. The tissue was 
then examined histologically for the presence 
of a contraction band ‘necrosis and interstitial 
hemorrhage, markers of ‘ischemic damage. 
Additional samples, excised for electron mi- 
croscopic examination, were fixed itr cold’ 3% 
glutaraldehyde, washed with 0.1 M phosphate 
buffer (pH 7.40), postfixed with osmium te- 
troxide and, after dehydration, embedded ‘ini an 
epoxy resin. Ultrathin sections stained with 
lead citrate and uranyl acetate were examined 
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with an electron microscope (AEI). Ten to 
twelve electron micrographs of each heart, 
magnified 4,000 to 10,000 times, were evaluated 
and the biopsies placed into one of three groups 
according to the severity of the subcellular 
damage. Injury was mild, moderate, or severe, 
based on the degree of separation and disor- 
ganization of the myofibrils, nuclear chromatin 
clumping, mitochondrial swelling, disruption, 
mineralization, and contraction band forma- 
tion. All histological sections and electron mi- 
crographs were examined randomly, without 
knowledge of the experimental group to which 
the specimen belonged. 

Statistical analysis was performed using 
one-way or two-way analysis of variance where 
appropriate. Statistical significance was calcu- 
lated using the least significant difference 
method [9]. Results are expressed as mean + 
standard error of the mean. 


Results 

Myocardial Metabolism 

The oxygen tensions of the Fluosol cardioplegic 
solutions at 20°C, 10°C, and 4°C were 571 + 22, 
616 + 21, and 604 + 23 mm Hg, respectively. 
Electromechanical arrest occurred instantly 
with the injection of all three solutions, and the 
hearts remained in a state of flaccid arrest 
throughout the ischemic period. Within 15 
minutes of ischemia, PmO, in hearts in all three 
groups fell to within a range of 10 to 20 mm Hg 
(Fig 2). With the subsequent cardioplegic in- 
jections at 30 and 60 minutes of ischemia, a rise 
in PmO, was recorded. This rise was 7.1 + 0.9 
mm Hg for the 20°C Fluosol hearts, 31.1 + 4.7 
mm Hg for the 10°C hearts, and 22.2 + 4.7 mm 
Hg for the 4°C hearts. 

The oxygen tensions of the coronary sinus 
effluent sampled after cardioplegic infusions 
were 202 + 12 mm Hg for the 20°C hearts, 259 + 
18 mm Hg for the 10°C hearts, and 252 + 23 mm 
Hg for the 4°C hearts. The average myocardial 
oxygen consumption measured after cardiople- 
gic infusion and expressed as cubic centimeters of 
oxygen per 100 gm of left ventricle (wet weight) 
was as follows: in the 20°C hearts, 21.2 + 0.5; in 
the 10°C hearts, 22.8 + 1.3; and in the 4°C 
hearts, 19.6 + 1.0 (Fig 3). 

The mean preischemic intramyocardial car- 
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Fig 2. Intramyocardial oxygen tensions (PmO,) re- 
corded continuously during the 90 minutes of ischemia 
and 45 minutes of reperfusion in hearts receiving 20°C 
and 4°C cardioplegia. Arrows indicate the time of rein- 
fusion of the Fluosol cardioplegic solution. 


Og Consumption (ml/100 Grums} 








Fluosol Cordioplegio 


Fig 3. Mean myocardial oxygen consumption expressed 
as milliliters of oxygen per 100 gm of left ventricle (wet 
weight) for the three study groups. 
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Fig 4. Intramyocardial carbon wigeide+t tensions (PmCO,) 
recorded continuously duririg-the 90 minutes of ischemia 
and 45 minutes of reperfusion in-heatts receiving 20°C 
and 4°C cardioplegia. Arrows indicate: the time of rein- 
fusion of the Huosol paltoni solution. l 
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bon dioxide tensions in the three groups 
ranged from 43 + 2 to 58 + 7 mm Hg. The peak 
PmCO, levels measured at the time of cross- 
clamp release in hearts receiving 20°C, 10°C, 
and 4°C Fluosol cardioplegia were 48 + 3,39 + 
6, and 50 + 5 mm Hg, respectively, thus indi- 
cating that there had been no significant in- 
crease in PmCO, during the 90 minutes of isch- 
emia (Fig 4). Peak PmCO, levels during early 
reperfusion were generally higher, with PmCO, 
in the 20°C hearts being 62 + 2mm Hg, 49 +7 
mm Hg for the 10°C hearts, and 63 + 8 mm Hg 
in the 4°C hearts; but none of these peak levels 
was significantly different from preischemic 
control. 


Left Ventricular Function 
After 90 minutes of ischemia and 45 minutes of 
reperfusion, hearts treated with 20°C Fluosol 
cardioplegia recovered 79.3 + 2.4% of control 
developed pressure and 70.9 + 3.9% of control 
positive dP/dtmax (Fig 5). The use of 10°C 
Fluosol resulted in significantly better function, 
with 93.1 + 2.5% recovery of control developed 
pressure and with 90.9 + 3.2% recovery of con- 
trol dP/dtmax (p < 0.005 versus 20°C Fluosol). 
Hearts treated with 4°C Fluosol had essentially 
identical functional recovery, with 92.7 + 1.9% 
of control developed pressure and 90.4 + 2.3% 
of control positive dP/dtmax recorded. 
Measurement of left ventricular end-diastolic 
pressure after 90 minutes of ischemia and 45 
minutes of reperfusion documented somewhat 
lower end-diastolic pressure in the 4°C hearts 
compared with the other two groups, but the 
differences were not significantly different: 
20°C, 15.0 + 1.4 mm Hg; 10°C, 15.0 + 1.1 mm 
Hg; and 4°C, 12.9 + 1.5 mm Hg. 


Myocardial Water Content 

The myocardial water content was 81.1 + 0.3% 
for 20°C Fluosol-treated hearts, 81.4 + 0.3% for 
the 10°C hearts, and 80.6 + 0.8% for the 4°C 
hearts. There was no statistical difference be- 
tween these results. The control value was 78.6 
+ 0.4%. 


Mean Myocardial Temperature 
The mean myocardial temperature measured 
during the 90-minute period of ischemia in 
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Fig 5. Recovery of maximum positive rate of rise of left 
ventricular pressure (dPidtmax) after 90 minutes of 
global ischemia and 45 minutes of reperfusion (p < 
0.605 for 20°C vs 10°C and 4°C). 
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Fig 6. Mean myocardial temperature during 90 minutes 
of global ischemia at one of three infusion temperatures. 


those hearts receiving 20°C Fluosol cardioplegic 
sclution was 21.4 + 0.1°C (Fig 6). Infusion of 
10°C Fluosol resulted in a mean myocardial 
temperature during ischemia of 16.9 + 0.4°C. 
Although those hearts that received 4°C Fluosol 
cardioplegia had lower initial myocardial tem- 
peratures, the mean myocardial temperature in 
this group was 15.9 + 0.5°C. 


Myocardial Morphology 

Review of four to six sections of left ventricle in 
each of the 21 hearts showed no evidence of 
substantial ischemic injury detectable by light 
microscopy. Small foci of contraction band ne- 
crosis in the subendocardium were evident in 4 
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Fig 7. Electron micrograph of a myocardial cell treated 
with 4°C Fluosol. The cell is morphologically normal 
without signs of ischemic injury, in spite of exposure to 
90 minutes of ischemia. (m = mitochondrion; nuc = 
nucleus; s = sarcomere.) (X13,650.) 


hearts, but these findings were distributed over 
all three temperature groups. 

Study of electron micrographs prepared from 
each heart showed, in general, good preserva- 
tion of myocyte structure in all groups, with 
evidence of irreversible cell injury in none of 
the biopsies (Fig 7). Abnormalities present in- 
cluded cytoplasmic vacuolization, separation of 
the sarcomeres, and focal swelling of the 
mitochondria, changes that likely reflect some 
swelling but are reversible. The biopsies were 
separated into two groups—those that were 
normal or showed only minimal cytoplasmic 
alterations on electron micrographs, and those 
with mild to moderate cytoplasmic changes. 
Hearts that received 4°C and 10°C Fluosol car- 
dioplegia were similar and showed the fewest 
alterations. Five of the 7 hearts in the 4°C group 
had normal biopsy specimens, and 6 of the 7 
hearts in the 10°C Fluosol cardioplegia group 
had normal biopsy specimens. In contrast, only 
3 of the 7 hearts biopsied in the 20°C Fluosol 
group .were normal, while the remaining 4 
hearts showed moderate cytoplasmic disrup- 
tion. 


Comment 

The results of this study confirm that a 
hypothermic Fluosol cardioplegic solution pro- 
vides highly effective myocardial protection 
during prolonged global ischemia. Because a 
Fluosol solution can deliver oxygen to the heart 
regardless of temperature, it may be adminis- 
tered at temperatures as low as 4° to 10°C and, 
in this way, the myocardium can be maintained 
at a mean temperature well below 20°C. Al- 
though the precise level of hypothermia that 
is optimal for myocardial protection has not 
been clearly elucidated, the data from this study 
and from other investigations suggest that a 
myocardial temperature of 16°C is definitely 
superior to 22°C [3, 10, 11]. 

After 90 minutes of ischemia, hearts in this 
study that received either 10°C or 4°C Fluosol 
cardioplegia demonstrated nearly normal left 
ventricular function after ischemia, little eleva- 
tion of left ventricular end-diastolic pressure, 
minimal formation of myocardial edema, and 
essentially normal cellular morphology by light 
and electron microscopy. In addition, the qual- 
ity of the myocardial protection seen in these 
Fluosol-treated hearts is clearly superior to that 
observed in a previous study in which a similar 
experimental protocol was employed [3]. Hearts 
in the previous study received either cold blood 
or cold crystalloid cardioplegia and, following 
a similar period of ischemia, demonstrated 
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greater impairment of left ventricular functional 
recovery. 

The rise in intramyocardial oxygen tension 
noted in all hearts in this study and measured 
by mass spectrometry indicates that there was 
substantial oxygen delivery with each Fluosol 
cardioplegic injection. Rude and associates [12] 
have also demonstrated appreciable myocardial 
oxygen delivery with the use of an oxygenated 
perfluorocarbon solution. In dogs, these inves- 
tigators induced regional myocardial ischemia 
by occlusion of the left anterior descending 
coronary artery. Subsequent administration of 
an oxygenated perfluorocarbon solution re- 
sulted in higher than expected intramyocardial 
oxygen tensions as measured by the mass 
spectrometer. The PmO, levels noted in the area 
of coronary occlusion in the perfluorocarbon- 
treated hearts were higher than the recorded 
PmO, levels in the same ischemic region in 
blood-perfused hearts, confirming that there is 
effective oxygen delivery with perfluorocarbon 
and suggesting that perfluorocarbon perfusion 
through collateral channels in the myocardium 
is better than blood perfusion through similar 
collaterals, related perhaps to the presence of 
red cells in one solution and their absence in 
another. 

In our present study, the intramyocardial 
oxygen tensions rose with each cardioplegic 
infusion; this rise was especially marked in 
those hearts receiving either 10°C or 4°C Fluosol 
cardioplegic solutions. Furthermore, based on 
the myocardial oxygen consumption data that 
confirmed oxygen uptake with each cardio- 
plegic infusion in the range of 20 ml per 100 gm, 
the likelihood that there was substantial aerobic 
metabolic activity during the 90-minute period 
of global ischemia is high. In a previous inves- 
tigation carried out in this laboratory utilizing 
the phosphorus 31 nuclear magnetic resonance 
technique, oxygenated Fluosol cardioplegia 
was compared with the standard crystalloid 
cardioplegic solution [13]. In the Fluosol-treated 
hearts, there was significantly better preserva- 
tion of high-energy phosphate compounds and 
development of significantly less myocardial 
acidosis during ischemia. During reperfusion, 
the Fluosol-treated hearts not only had better 
maintenance of myocardial levels of adenosine 


triphosphate, but there was also significantly 
better recovery of left ventricular function. It is 
quite reasonable to assume that since the only 
major difference in the two cardioplegic so- 
lutions is oxygen availability to the Fluosol- 
treated hearts as opposed to the nonavailability 
of oxygen with the crystalloid solutions, the 
improvement in the level of protection pro- 
vided must be related to this difference. 

In conclusion, the results of this study dem- 
onstrate that cold Fluosol cardioplegia provides 
excellent myocardial protection during pro- 
longed global ischemia in this blood-perfused 
experimental model. This highly effective 
myocardial protection is likely the result of 
appropriate myocardial hypothermia, but it 
may also be due to effective oxygen delivery 
to the heart during the period of global isch- 
emia. Oxygenated perfluorocarbon solutions 
are currently available for controlled investiga- 
tional use in some severely anemic patients 
who refuse all blood products. Pending the re- 
sults of these clinical trials and the results of 
more extensive laboratory investigations of 
these perfluorocarbon substances, a clinical 
study of an oxygenated perfluorocarbon car- 
dioplegic solution should be undertaken. 
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Discussion 

DR. JOSEPH N. CUNNINGHAM (New York, NY): As a 
proponent of blood cardioplegia, I certainly egree 
with Dr. Magovern that the heart requires oxygen. 
The real question is, can we supply enough oxygen 
to the arrested, cold myocardium to meet its mirimal 
demands with blood cardioplegia? We have con- 
structed oxygen consumption curves over continu- 
ous 3-minute cardioplegic injections in the human 
heart arrested at 10°C. Based on our data, there :s no 
question that oxygen demands and extractior are 
initially high (in the range of 4 to 5 cce/100 gm/mnin) 
but quickly fall to almost zero at the end of a 3- 
minute injection when debt repayment has occurred. 
Despite arguments that adequate oxygen delivery 
cannot take place at low temperatures, this indicates 
to us that such delivery does occur. Our studies nave 
also shown that with repeated injections, adencsine 
triphosphate is well maintained for up to 180 min- 
utes of aortic cross-clamping. Additionally, our 
studies have shown maintenance of normal to 
slightly improved function for similar lengths of 
cross-clamping using blood cardioplegia. 

With these data in mind, I would like to ask Dr. 
Magovern several questions, some of which are di- 
rectly related to the fact that I need further inter- 
pretation of his data and results: (1) why are the 
myocardial oxygen consumption values listed in 


your abstract so high for the Fluosol groups at 4°, 10°, 
and 20°C?; (2) why. was there no correlation between 
oxygen partial pressures in tissue and myocardial 
oxygen consumption in your Fluosol-treated animals 
as temperatures decreased?; (3) how do you explain 
that you report virtually the same oxygen consump- 
tions at 20°, 10°, and 4° after Fluosol treatment?; and 
finally, (4) how do you explain the fact that you could 
not obtain normal cardiac function for even 90 min- 
utes of cross-clamping in a normal dog heart with 
blood cardioplegia when three or four other major 
groups in this country have reported that they can 
maintain normal function using this methodology for 
up to 4 hours of cross-clamping? 


DR. RICHARD E. CLARK (St. Louis, MO): My congratu- 
lations to Dr. Magovern for using another method 
besides blood to oxygenate the myocardium during 
the ischemic interval. One of the hallmarks of insuf- 
ficient myocardial protection occurs in the reperfu- 
sion phase, when one sees a decrease in myocardial 
oxygen consumption. I would ask Dr. Magovern 
whether or not a decrease in oxygen utilization oc- 
curred with Fluosol 30 to 45 minutes into the reperfu- 
sion phase. 


DR. J. H. ROUSOU (Springfield, MA): Not shown in the 
authors’ data are the high-energy phosphate levels 
that have been correlated with myocardial function. I 
would like to ask whether or not they measured these 
levels. We did a somewhat similar study and found 
that during the ischemic period, Fluosol and blood 
will maintain high-energy phosphates better than 
crystalloid. During reperfusion, however, the high- 
energy phosphates end up about the same, some- 
what lower than the preoperative levels, whether 
Fluosol, blood, or crystalloid cardioplegia is used. 


DR. HERBERT W. WALLACE (Philadelphia, PA): With 
your mass spectroscopy technique, are you assum- 
ing, Dr. Magovern, that an elevated oxygen level at 
the lower temperature indicates that oxygen is really 
delivered? The fluorochemicals dissolve oxygen on a 
physical basis, as you know, and the lower the tem- 
perature, the more oxygen is absorbed. Therefore, 
you might be measuring only how much oxygen the 
fluorochemical is carrying. This is not necessarily a 
reflection of what is really delivered and utilized. 

Second, are you prepared to use this technique 
clinically, and why have you chosen Fluosol, which 
is a combination of two fluorochemicals? Per- 
fluorodeclin, which is 75% of the fluorochemical 
mixture, is known to be excreted by both animals 
and humans in about 30 days. There is a second 
fluorochemical, perfluorotripropylamine, which is 
added for stability by the Japanese and which takes 
60 or more days to excrete. It may stay in the liver 
even longer. 
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DR. MAGOVERN: I thank the discussants for their 
comments. In answer to Dr. Wallace’s question, the 
fact that there is effective oxygen delivery with the 
use of Fluosol is well demonstrated in the present 
study. In addition, we compared crystalloid, blood, 
and Fluosol cardioplegia in a previous study in 
which all hearts were subjected to the same ischemia 
time at the same myocardial temperature and with 
basically the same cardioplegic solution. That study 
clearly demonstrated that Fluosol provided the best 
myocardial protection with respect to left ventricular 
function. Since the only difference in results between 
the three types of cardioplegia was significantly 
greater oxygen delivery to the myocardium in the 
Fluosol-treated hearts, reflected by a significant in- 
crease in intramyocardial oxygen tension in those 
hearts, we are quite confident in concluding that 
there was more efficient aerobic metabolism during 
ischemia in the Fluosol-treated hearts. 

With respect to the comment about high-energy 
phosphate compounds, we also have demonstrated a 
significant improvement in myocardial adenosine 
triphosphate levels during ischemia in Fluosol- 
treated hearts compared with hearts receiving crys- 
talloid cardioplegia. Using the phosphorus 31 
nuclear magnetic resonance technique in a study al- 
ready reported, we noted that there was nearly com- 
plete preservation of myocardial adenosine triphos- 
phate levels even after 3 hours of hypothermic 


ischemia. Furthermore, adenosine triphosphate levels. 


during reperfusion and postischemic recovery of left 
ventricular function were both significantly im- 
proved in Fluosol-treated hearts. 

In answer to Dr. Clark’s question, myocardial oxy- 
gen consumption steadily declined during the re- 
perfusion period. An initial increase during early re- 
perfusion would not be unexpected, and we did 
note that myocardial oxygen consumption was high- 
er at 15 minutes than following 45 minutes of reper- 
fusion. 

Dr. Cunningham, your points are basically the 
same as those made in a similar context by Dr. 
Buckberg at the American Heart Association meet- 
ing. He stated that in laboratory studies using blood 
cardioplegic techniques, he observed 100% recovery 
of left ventricular function following 3 or more hours 
of global ischemia. Like you, he was critical of our 


finding of only 90% recovery of left ventricular func- 
tion after a severe ischemic insult, and suggested that 
there must be some problem with our basic cardio- 
plegic technique. Based on the data presented in the 
present study, there is no reason to question the 
superiority of oxygenated Fluosol cardioplegia when 
compared to simple crystalloid cardioplegia in terms 
of preservation of left ventricular function. Further- 
more, with the canine model we employed in this 
study and which we have used in many previous 
studies over the past several years, there is no ques- 
tion that 90% left ventricular functional recovery 
after such a protracted period of ischemia represents 
excellent myocardial protection. To compare our re- 
sults using this model and your results using an en- 
tirely different model of ischemia, employing hearts 
which are instrumented differently and in which left 
ventricular function is recorded in different ways, is 
simply not valid. Furthermore, when referring to 
studies such as yours or those of Dr. Buckberg’s 
group in which left ventricular contractility is ex- 
pressed only as a percentage of preischemic control, 
one is unable to deduce anything about the preisch- 
emic condition of the hearts being studied. What 
we have shown in this investigation and in several 
previously reported studies is that, compared to 
either blood or crystalloid cardioplegia, Fluosol car- 
diopiegia results in substantially more oxygen avail- 
ability to the myocardium, significantly more oxy- 
gen consumption during global ischemia, and, in 
very tightly controlled comparative studies, better 
preservation of left ventricular function. That is 
the bottom line of our present report. If you were to 
undertake a similar comparative evaluation of 
oxygenated Fluosol cardioplegia versus either blood 
or crystalloid cardioplegia, we are certain that you 
would have very similar results. 

One final point: if you divided the mean myocardial 
oxygen consumption in the Fluosol-treated hearts by 
30 minutes (the interval between injections), you 
would find that the oxygen consumption per unit 
time was approximately 0.7 cc per minute per 100 gm 
of left ventricle. Since this amount of oxygen con- 
sumption is close to the theoretical needs of the 16°C 
arrested heart, these data help to explain why the 
Flucsol-treated hearts were so well protected during 
the ischemic period. 


A Modified Sugiura Procedure 


R. J. Ginsberg, M.D., P. F. Waters, M.D., R. A. Zeldin, M.D., 
E. H. Spratt, M.D., B. Shandling, M.D., R. M. Stone, M.D., 


and S. Strasberg, M.D. 


ABSTRACT The Sugiura procedure for esopha- 
geal varices combines splenectomy with esophago- 
gastric devascularization, which destroys the in- 
traesophageal portacaval shunt . but preserves 
periesophageal portacaval shunts. We have modified 
the total vagotomy and pyloroplasty and sutured 
esophageal anastomosis of the original operation. A 
single left thoracoabdominal incision is used. 
Esophagogastric devascularization is performed 
without dividing the main vagus trunks; only a 
proximal gastric vagotomy is done, thereby avoid- 
ing a pyloroplasty. The esophageal transection 
and reanastomosis are performed with the circular 
End-to-End Anastomosis stapler and protected with 
a loose fundal wrap. 

Fifteen of 20 patients have had good to excel- 
lent results, with rapid recovery and no recurrent 
esophagogastric bleeding or any hepatic enceph- 
alopathy in follow-up of two months to two years. 
Four patients, who were bleeding massively at 
the time of operation and who were in Child’s class 
C with gross ascites, muscle wasting, and coag- 
ulopathy, died in the postoperative period. 

Conceptually, the operation is original and excit- 
ing because it preserves hepatic blood flow and the 
beneficial periesophageal shunt, while destroying 
the harmful intraesophageal shunt. Our early ex- 
perience encourages us to continue using this opera- 
tion, except in those patients who bleed massively 
and are in Child’s C, end-stage, class. 


Operations performed without a shunt for 
the control or prevention of bleeding from 
esophageal varices are not new. However, in 
1973, Sugiura and Futagawa [1] described an 
operation designed to eliminate proximal gas- 
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tric and esophageal varices but maintain the 
extraesophageal acquired portosystemic shunts 
that develop in the upper abdomen and lower 
thorax in response to portal hypertension. The 
original procedure, as described by Sugiura 
and Futagawa, includes esophageal transection” 
and reanastomosis, proximal gastric and distal 
esophageal devascularization, and splenectomy 
(Fig 1). Separate abdominal and thoracic ap- 
proaches were utilized in one operation or in 
two separately staged operations. A selective 
vagotomy was performed, thereby necessitat- 
ing a gastric drainage procedure. 

We have modified the Sugiura operation but 
not the concept (Fig 2) [2]. A thoracoabdominal 
incision is used. The main trunk vagus nerves 
are preserved, and only a highly selective va- 
gotomy is performed, thus obviating the need 
for a gastric drainage procedure. The End-to- 
End Anastomosis (EEA) circular Auto Suture 
stapler by United States Surgical Corporation 
facilitates esophageal transection and anas- 
tomosis. We describe this modified technique 
and assess its complications and early results in 
25 patients followed from two months to two 
years. 


Method and Material 

Operative Technique 

A standard left thoracoabdominal incision is 
used, usually through the seventh interspace. 
The abdominal incision is minimal, extending 
only to the lateral rectus border; the thoracic 
incision extends to the posterior axillary line. 
The diaphragm is open circumferentially. A 
splenectomy is performed, with care taken to 
divide the splenic vessels close to the hilum and 
the short gastric vessel close to the stomach. 
The proximal half of the gastroepiploic vessels 
are divided close to the stomach on the greater 
curvature (Fig 3). Any draining veins from the 
stomach in the cardioesophageal angle are 
similarly divided. The periesophageal tissue 
along the left lateral wall of the esophagus is in- 
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Fig 1. The original Sugiura operation. 
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Fig 2. Our modifications: thoracoabdominal approach, 
highly selective vagotomy with no gastric drainage, 
transection and anastomosis with the EEA stapler, and 
Nissen fundoplication. 
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Fig 3. Splenectomy and gastric devascularization. 


cised longitudinally down to esophageal muscle 
from the cardioesophageal angle to the hiatus. 
The tissue is then elevated anteriorly and pcste- 
riorly from the esophagus, dividing each >er- 
forating vein, artery, and nerve, until all the tis- 
sue, including both preserved vagus trunks, is 
elevated from the esophagus and displaced me- 
dially to the right. The gastric devascularization 
is completed along the lesser curvature down 
to, but not~including, the insertion of the 
nerves of Laterjet in the antrum. In this wey, a 
highly selective vagotomy is performed (Fig 4). 

The esophagus is mobilized above the dia- 
phragm to the inferior pulmonary vein, pre- 
serving both vagus trunks. Each perforating 
vein is divided and ligated, totally baring the 
esophagus but preserving any longitudinal 
veins draining to the azygos system (Fig 5). 
Care is taken to bare the longitudinal musde of 
the esophagus from the cardioesophageal j.anc- 
tion to the inferior pulmonary vein. Any ac- 
quired portosystemic connections are pre- 
served, other than those developed through the 
stomach and esophagus. 

The EEA stapler is inserted through ar ap- 
propriate gastrotomy incision and advanced 
until the space between the anvil and the cir- 
cular knife is 2 cm proximal to the gas- 
troesophageal junction. A heavy chromic catgut 
suture is tied tightly around the esophagus 
down to the shaft of the EEA stapler. Activating 
the stapler then automatically divides and 
reanastomoses the esophagus (Fig 6). A 2E mm 
staple head is usually used, but sizing of the 
esophagus is performed prior to insertion of the 


The Annals of Thoracic Surgery Vol34 No3 September 1982 





Fig 4. Lower esophageal devascularization and highly 
selective vagotomy. 





Fig 5. The esophageal devascularization extends up to 
the inferior pulmonary vein and preserves all lon- 
gitudinal veins. 


stapler. The anastomosis is checked digitally 
before the gastrotomy incision is closed. The 
operation is completed by performing a loose 
Nissen-type fundoplication around the lower 
esophagus, including the esophageal anas- 
tomosis (Fig 7). 


Patient Selection 

Initially, a series of 5 consecutive patients with 
at least one major upper gastrointestinal bleed 
due to varices seen in one hospital underwent 
this modified Sugiura procedure [2]. Because of 
the initial encouraging early results, another 15 
selected patients in University of Toronto 
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Fig 6. Transection and anastomosis with the EEA 


stapler. 









Sy 


Fig 7. Nissen-type fundoplication completes the proce- 
dure. 


teaching hospitals were treated by this tech- 
nique. 

Of the 20 patients, 10 (50%) were in Child’s 
class A; 5 (25%) were in class B, and 4 (20%) 
were in class C. Most patients (n = 13) had al- 
coholic cirrhosis; 4 patients had postnecrotic 
cirrhosis, and 2 had cirrhosis from fibrocystic 
disease. The remaining patient had varices 
from portal vein thrombosis following pan- 
creatitis. Operation was performed on an elec- 
tive basis in 13 patients, an emergency basis in 
4, an urgent basis in 2, and a semiurgent basis 
in 1. Patients requiring urgent operation were 
operated on within 24 hours of bleeding and 


the 1 requiring semiurgent operation, within a 
few days of bleeding. All patients in Child’s 
class C were moribund with jaundice and 
ascites, and with preoperative coagulopathies 
partially or fully corrected by replacement of 
blocd products. They underwent emergency 
operation for bleeding that was totally uncon- 
trolled by the usual conservative measures. 


Results 

We assessed the early results of the modified 
Sugiura procedure with regard to mortality, 
early and late morbidity, early rebleeding, and 
encephalopathy. 


Mortality 

There were 4 postoperative deaths among the 
20 patients. These 4 patients were the only pa- 
tients in Child’s class C, and were undergoing 
emergency operation for massive, uncontrolled 
bleeding. All attempts at conservative therapy 
had failed in these patients, and they died of 
severe persisting coagulopathies, sepsis, or 
hepatorenal syndrome. There were no deaths 
among the 16 patients in Child’s class A and B. 


Morbidity 
EARLY MORBIDITY. There were no early post- 
operative esophageal leaks at the anastomotic 
site. One abdominal evisceration required re- 
suture. l 

LATE MORBIDITY. Four patients had appreciable 
dysphagia related to a localized stricture at the 
anastomosis. Esophageal dilation was per- 
formed, and in 3 patients, the dysphagia re- 
sponded completely within one to three 
months. In 1 patient, the stricture was severe 
and persistent, requiring reoperation and revi- 
sion. We believe that these strictures are related 
to the devascularization procedure coupled 
with the anastomosis. No major esophageal or 
gastric necrosis has occurred because of the de- 
vascularization. 

In 2 of our early patients, marked but 
asymptomatic esophageal reflux was present in 
follow-up barium studies. For this reason, the 
antireflux procedure was added to our modifi- 
cations. Since then, no further reflux problems 
have ensued. 

No early or late episodes of encephalopathy 
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have occurred after the procedure. All patients 
are eating normal diets. There have been no 
episodes of rebleeding from esophageal or gas- 
tric varices. l 

Two late deaths have occurred among the 15 
survivors. One patient died a year after the 
modified Sugiura procedure of massive lower 
gastrointestinal bleeding presumed to be from 
varices of either the lower small bowel or large 
bowel. The other patient died of pulmonary 
complications related to fibrocystic disease. 


Comment 

Because of dissatisfaction with the shunt pro- 
cedures currently in vogue for preventing re- 
bleeding from esophagogastric varices, we have 
instituted a noncontrolled trial of a modified 
Sugiura procedure. This technique has the 
unique advantage of preserving acquired por- 
tosystemic shunts, including those in the 
periesophageal plexus. It also has some major 
advantages. Sugiura and Futagawa [3] and 
Koyama and associates [4] reported an ex- 
tremely low (less than 5%) operative mortality 
and virtually no rebleeding in elective, com- 
pleted procedures. Neither group reported any 
instance of postoperative encephalopathy. Our 
early experience supports these findings. We 
have had no episodes of encephalopathy, and 
all patients have been allowed to continue their 
normal diet. Postoperatively, major hepatic de- 
compensation has not occurred in any patient 
in Child’s class A or B. In addition, there have 
‘been no postoperative deaths among patients 
in those two classes. 

The Sugiura operation differs from all previ- 
ous devascularization procedures [5-7] in that 
only the perforating veins draining the 
esophagogastric varices are divided, and the 
periesophageal plexus of veins that connect the 
coronary venous system to the azygos system 
are preserved—-an acquired portosystemic 
shunt. The splenectomy decreases total portal 
blood flow, but not to the extent of a total shunt 
procedure, and does not lead to hepatic decom- 
pensation. 

Our modifications were designed to stream- 
line the operation while maintaining Sugiura’s 
original concept. We had hoped that we could 


avoid a two-staged procedure in all patients. 
We are encouraged by the early results in all but 
the patients in Child’s class C, who underwent 
emergency operation for uncontrolled bleeding. 
_ The operation is relatively simple and can be 
easily accomplished by any surgeon trained in 
esophagogastric operations. It appears to have a 
low start-up “cost” with regard to mortality and 
morbidity. This is in contradistinction to the 
selective shunt procedures (8, 9] that have been 
designed to eliminate the high incidence of 
postoperative encephalopathy seen in the 
standard shunt procedure. 

We have been encouraged by the lack of early 
morbidity and mortality in all but patients in 
Child’s class C, who are totally decompensated. 
In this group, it appears that simple esophageal 
transection and anastomosis with an EEA 
stapler with or without splenectomy, but 
avoiding extensive devascularization which 
prolongs the operation, may be used as the 
emergency procedure if all other methods of 
controlling the bleeding fail [10, 11]. 

Despite our early encouraging results, only 
long-term follow-up will indicate whether the 
Sugiura operation is as effective in preventing 
rebleeding as the Japanese literature suggests. 
Only a prospective trial comparing the mod- 
ified Sugiura procedure with a selective shunt 
procedure will determine its eventual role in 
the management of bleeding from esophageal 
varices. 
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Discussion 

DR. WATTS R. WEBB (New Orleans, LA): I compliment 
Dr. Ginsberg on this very nicely presented study and 
thank him for the opportunity of reviewing the 
manuscript. His modification of the Sugiura discon- 
nection using the EEA stapler, as well as other mod- 
ifications, has certainly simplified the original pro- 
cedure, particularly when one is reminded that 
Professor Sugiura uses some 50 to 70 sutures just 
to reanastomose the esophagus alone. Dr. Ginsberg, 
what happens to the portal pressures during opera- 
tion? In this context, it is important to remember that 
we are not interested necessarily in reducing pres- 
sures but in reducing variceal bleeding. Certainly, 
leaving the portoazygos system intact is of great 
value in preserving the collateral circulation. I was 
surprised and somewhat pleased at the very low in- 
cidence of fistulas after transection and reanas- 
tomosis of an extensively devascularized esophagus. 
My colleagues and I have also been concerned 
whether there would be a high rate of recurrence of 
esophageal varices over the subsequent years. Ap- 
parently the very meticulous venous interruption 
developed by Dr. Sugiura has almost obviated this. 
One problem that does remain is the almost prohibi- 
tive mortality and the inapplicability of this proce- 
dure in the class C patients. 

We continue to use the mesocaval interposition 
shunt as sponsored by the late Dr. Ted Drapanas and 
continued by Dr. Jim Dowling and Dr. Jim Jones 
at Charity and Baptist Hospitals. There has been 
an eight-year follow-up of their 172 consecutive 
patients. Among 14 patients who underwent 
emergency operation, there were 5 deaths, for a 36% 
mortality. Emergency procedures are done only 
when bleeding cannot be controlled by conservative 
measures, e.g., using the Sengstaken tube, vasopres- 
sin, and, more recently, propranolol. These measures 


are usually successful, and then several weeks can be 
taken to convert the patient in class C to a better 
operative risk. 

There is only a 6% mortality among the 158 pa- 
tients who had elective operation. More than 40% of 
these patients were in class C; in such patients, the 
Sugiura procedure carries a very high mortality and 
the Warren distal splenorenal shunt is not applicable. 

There has been no rebleeding in the class A pa- 
tients; in only 2 out of 52, or 4%, of the class B pa- 
tients; and in about 30% of the class C patients. 

The incidence of encephalopathy is as follows: 
none in class A patients; about 15% in class B pa- 
tients; and more than 38% in class C patients, as 
would be expected. We have not seen deterioration 
of hepatic function secondary to the reduction of 
portal pressure, although with the mesocaval inter- 
position shunt, the portal pressure is reduced only 
about one-third. Therefore, this shunt does not re- 
duce pressure to the point of nonperfusion. 

We recently have had an opportunity to restudy 
some 87 patients, and 91% of the shunts were still 
patent up to eight years postoperatively. The follow- 
up shows survival at about 65% at eight years with 
just a straight-line falloff, which is a vast improve- 
ment over the results with medical therapy only. 

We believe that if the Sugiura operation as mod- 
ified by Dr. Ginsberg can be confirmed to have 
long-term excellent results, it certainly may well be- 
come the procedure of choice in most of these pa- 
tients. Certainly for the class C patients, we believe 
now that the interposition shunt is the only one ap- 
plicable. 


UNIDENTIFIED: Could Dr. Ginsberg comment on the 
possibility of a more limited operation that does not 
include a thoracic component of the incision, simply 
an. abdominal approach? In such an operation, the 
abdominal portion including esophageal division 
is done with a stapler but devascularization of the 
lower esophagus in the intrathoracic portion is 
omitted. I have had limited experience with this ap- 
proach and have been satisfied. However, I wonder 
whether he believes it will be successful or not in the. 
future. 


DR. GINSBERG: To answer the last question first, 
Sugiura believes that the thoracic approach must be 
completed as a second stage. He has seen rebleeding 
if only the abdominal approach is used. In the pa- 
tient who is actively bleeding, he advises the ab- 
dominal approach and, later, a second approach 
through the thorax to do the periesophageal plexus. 
It is possible that by sclerosing the esophageal 
veins, the second stage could be avoided. 

I thank Dr. Webb for his comments. We have not 
done any elective operations on a Child’s class C pa- 
tient so we do not know how they would tolerate the 


264 The Annals of Thoracic Surgery Vol34 No3 September 1982 


operation. The 4 Child’s class C patients we saw were 
moribund, and this was a “last-ditch” effort. 

We too are quite pleased that there have been 
no leaks in the group undergoing elective opera- 
tion. I think this shows that Sugiura is not wrong and 
that leaks do not have to occur in this group with a 
more favorable prognosis. 





We have not measured many of the portal pres- 
sures in these patients. In those we have measured, 
the pressure decreases only minimally, which 
suggests the portal pressure is maintained. Since the 
periesophageal and perigastric veins are intact, the 
high portal pressure is still dissipated through this 
system. 








Notice from the Southern Thoracic Surgical Association 


The Twenty-ninth Annual Meeting of the 
Southern Thoracic Surgical Association will be 
held at the Hyatt on Hilton Head Island, Hilton 
Head Island, SC, November 4-6, 1982. There 
will be a $100 registration fee for nonmember 
physicians except for guest speakers, authors 
and co-authors on the program, and residents. 
There will be a Postgraduate Program on Cur- 
rent Concepts in Thoracic and Cardiac Surgery. 
This meeting has been approved for Category I, 
14 hours CME credit. 


The Scientific Program appears at the end of 
this issue of The Annals of Thoracic Surgery (pp 
345-347). Manuscripts of papers accepted for 
the program must be in a form suitable for The 
Annals of Thoracic Surgery and given to the 
Secretary-Treasurer prior to presentation. 

Hotel reservations are sent to members. 
Guests may correspond with the Hyatt on Hil- 
ton Head Island, Attn. Reservations Depart- 
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Clinical Durability of the Pericardial Xenograft 
Valve: Ten Years’ Experience with Mitral Replacement 


Marian I. Ionescu, M.D., Donald R. Smith, M.D., Syed S. Hasan, M.D., 
Muthiah Chidambaram, M.D., and Anand P. Tandon, M.D. 


ABSTRACT Data from 366 patients with mitral 
valve replacement (250 single and 116 multiple) who 
received pericardial xenografts between 1971 and 
1981 were analyzed. Cumulative duration of 
follow-up was 1,151 patient-years, with a maximum 
duration of 10.7 years. Actuarial survival at 11 years 
is 71.6 + 14.2%. Pericardial valve failure occurred in 
7 patients (0.6 episodes per 100 patient-years). 
Actuarial freedom from valve failure at 11 years is 
90.4 + 9.1% for the entire series. Although 275 
(75.1%) patients were in chronic atrial fibrillation, 
anticoagulants were not used in any patient beyond 
the first 6 postoperative weeks. The incidence of em- 
boli was 0.6% per year. Six episodes occurred fol- 
lowing single mitral valve replacement and 1 after 
multiple valve replacement (5 early and 2 late). The 
actuarial freedom from embolism is 96.4 + 1.5% at 6 
and 11 years postoperatively. Valve thrombosis has 
not been encountered. 

This analysis has shown a low incidence of valve 
dysfunction and a very low risk of embolic compli- 
cations without long-term anticoagulation. The 
pericardial xenograft is a safe substitute for the mi- 
tral valve, with predictable behavior during the first 
decade of follow-up. 


The pericardial: xenograft heart valve has been 
used at our institution for mitral replacement 
since March, 1971. Previous publications from 
this and other centers have described the 
medium-term clinical [1-6] and hemodynamic 
[2-9] results and have defined the hydraulic, in 
vitro characteristics of the valve [2, 10-13]. 

It is generally considered that tissue valves 
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are subjected to a higher mechanical challenge 
and associated with a greater propensity for 
thromboembolic complications when used in 
the mitral position. For these reasons and as the 
follow-up now extends beyond 10 years, we 
have analyzed our results of mitral valve re- 
placement with pericardial xenografts and re- 
port the data with particular emphasis on valve 
durability and thromboembolic risk in the ab- 
sence of long-term anticoagulant treatment. 


Patients and Methods 

Patient Data 

All 366 patients who have undergone mitral 
valve replacement with pericardial xenografts 
since March, 1971, were included in this analy- 
sis. There were 250 patients with single mitral 
valve replacement and 116 with multiple re- 
placement (79 mitral and aortic, 24 mitral and 
tricuspid, and 13 mitral, aortic, and tricuspid). 
Details concerning the patient population are 
shown in Table 1. 


The Pericardial Xenograft 

Between March, 1971, and March, 1976, the 
valves were constructed in our hospital laboratory 
and used for single valve replacement only. 
Since April, 1976, all pericardial xenografts have 
been manufactured by Shiley Inc.* and were 
used for both single and multiple replacements. 
The technique of valve construction was essen- 
tially the same in both hospital-made and 
Shiley valves. However, the hospital-made 
valves did not have the benefit of the accuracy 
of a standardized procedure. The thickness and 
pliability of the pericardium were not assessed, 
and quality control was limited. The glutaral- 
dehyde used in our laboratory was a simple 
dilution of commercially available glutaral- 
dehyde with an unknown and unstable-content 
of monomers and polymers. Moreover; the 


*Shiley Inc., Irvine, CA. 
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_ Table 1. Preoperative Patient Data 


Variable 

No. of patients 250 
Male 95 
Female 155 


Age range (yr) 
Previous cardiac operations 
Concomitant cardiac operations 


58 (23.2%) 
88 (35.2%) 


pericardial tissue was treated prior to glutaral- 
dehyde fixation with sodium metaperiodate 
and ethylene glycol, as initially advocated by 
Carpentier and DuBost [14]. 

The Shiley pericardial xenografts are man- 
ufactured using standardized techniques, ac- 
curate methods for tissue thickness mea- 
surements, and correct matching of leaflets for 
uniformity of function. Purified glutaraldehyde 
[15] is used for tissue fixation without any pres- 
sure load [16]. The sodium metaperiodate and 
ethylene glycol pretreatment is no longer em- 
ployed. The abrasive points in stent design and 
the quality of Dacron covering have been op- 
timized when compared with the hospital- 
made valves. pi 

For mitral replacement, 68 hospital-made and 
298 Shiley pericardial xenografts have been 
used. The sizes of valves implanted varied from 
25 to 31 mm in diameter. The great majority of 
valves used were small: 73 (19.9%), 25 mm; 219 
(59.8%), 27 mm; and 74 (20.2%), 29 and 31 mm. 
No effort was made to implant valves larger 
than could be comfortably accommodated in 
the. left ventricular cavity and the mitral valve 
annulus. . 


Surgical Technique - 

The operative technique for valve replacement 
has remained constant throughout the study 
period. In the majority of cases (321, 87.7%), 
one continuous suture was used for valve in- 
sertion, while in the remaining 45 patients 
either interrupted sutures or a mixed technique 
was employed. Between March, 1971, and De- 
cember, 1976, intermittent hypoxia with topical 
hypothermia was the routine procedure. Since 
January, 1977, total-body hypothermia (20° to 
28°C) with cold cardioplegia and topical 


Single Mitral Replacement 


14-74 (mean, 48.6) 


Multiple Replacement 


116 

39 

77 

24--75 (mean, 50.7) 
40 (34.5%) 

49 (42.2%) 


hypothermia was used for all procedures. For 
the past 4 years, the left atrial appendage was 
excluded by ligature when accessible. 


Anticoagulant Treatment 

The initial 68 patients with single mitral valve 
replacement did not receive any anticoagula- 
tion either early or late following the operation. 
The remaining 298 patients (182 with single 
mitral and 116 with multiple valve replacement) 
were treated with warfarin sodium for 5 to 
6 weeks following valve insertion. The pro- 
thrombin time of these patients was deliberately 
maintained at a low level of between 18 and 24 
seconds. The presence of factors considered to 
be potentially associated with an increased risk 
of thromboembolism (Table 2) has not influ- 
enced our policy, and long-term anticoagula- 
tion therapy has not been given to any patient. 


Definition of Embolism and Valve Failure 
Embolism was defined as all new focal 
neurological deficits, either transient or perma- 
nent, as well as all clinically detectable non- 
cerebral arterial emboli. 

Pericardial xenograft failure was diagnosed if 
any of the following criteria were met: (1) post- 
operative appearance of a new regurgitant 
murmur, unless proved to be perivalvular in 
origin; (2) confirmed hemodynamic valvular 
dysfunction necessitating reoperation or caus- 
ing death; and (3) thrombotic occlusion of the 
valve. 


Follow-up Data 

All patients were seen by the surgeons and the 
cardiologists at least once every year in the out- 
patient clinic at the hospital. At each visit, in 
addition to a careful history, various clinical 
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Table 2. Factors Potentially Associated with Thromboembolic Risk® 


Variable Single Mitral Replacement Multiple Replacement 
Preoperative systemic emboli 28 (11.2) 11 (9.5) 
(5 yr preceding operation) 
Left atrial thrombus 20 (8.0) 8 (7.4) 
Calcified left atrial wall 2 (0.8) 2 (1.7) 
Gross left atrial enlargement 105 (42.0) 41 (35.3) 
Chronic atrial fibrillation 186 (74.4) 89 (76.7) 
NYHA Class III or IV 227 (90.8) 109 (93.9) 
Exclusion of left atrial appendage 102 (40.8) 16 (13.8) 


@Values in parentheses are percentages. 
NYHA = New York Heart Association. 


Table 3. Follow-up Patient Data 


Variable 

No. of patients 250 
Hospital survivors 233 (93.2%) 
Late deaths per year 2.67% 


Current survivors 208 (83.2%) 
Months of follow-up 


Total years of follow-up 935 


and laboratory indicators of valve performance 
were evaluated. None of the patients were lost 
to follow-up. Table 3 summarizes current 
follow-up data for the patient groups analyzed. 


Data Analysis 

Patient survival and incidence of embolism and 
of valve durability are expressed both by actu- 
arial analysis and by linearized occurrence rates 
[17]. Standard statistical formulas have been 
used for the analysis of data, as previously de- 
scribed [2]. 


Results 


Survival 

As shown in Table 3, 338 patients (92.3%) were 
alive when discharged from the hospital, 233 
(93.2%) with single mitral and 105 (90.5%) with 
multiple valve replacement. The overall late 
mortality was 3.38% per year (2.67% for pa- 
tients with single mitral and 6.48% for those 
with multiple valve replacement). The majority 
of hospital and late deaths were from cardiac 
causes. There were 3 deaths related to valve 


Single Mitral Replacement 


3-130 (mean, 49.7) 


Multiple Replacement 


116 

105 (90.5%) 
6.48% 

91 (78.4%) 

3-58 (mean, 30.4) 
216 


dysfunction (0.26% per year). The actuarial 
survival rate for the whole series is 71.6 + 
14.2% at 11 years of follow-up; 74.8 + 14.8% for 
patients with single mitral valve replacement at 
11 years and 75.7 + 9.5% for patients with mul- 
tiple valve replacement at,5 years of follow-up 
(Fig 1). There was significant functional’ im- 
provement in all long-term survivors, as shown 
in Figure 2. 


Valve Durability 

There were 7 pericardial xenograft failures in 
the entire series (Table 4). In 2 patients, one of 
the valve cusps became partly detached at the 
suture line. The very first hospital-made valves 
were constructed with a continuous suture 
along the scallop-shaped outflow border of the 
support frame, in order to secure the pericar- 
dium to the frame. The row of perforations 
acted as a path of least resistance. In 2 other pa- 
tients, cusp rupture occurred in the form of a 
vertical tear originating at the free margin of the 
cusp and extending for 3 to 4 mm proximally. 
Light diffuse calcification of the pericardium 
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York Heart Association (N.Y.H.A.) Functional 68 hospital-made valves with a follow-up of 
Classification of long-term survivors with single mitral 

and multiple valve replacement with pericardial xeno- from 5.7 to 10.7 years, the freedom from valve 
grafts. dysfunction is 85.7 + 13.2%. For the entire se- 


Table 4. Clinical and Pathological Features of Valve Failure 


Patient Age No. of Months Pathological Duration of 

(yr) and Sex Implanted Findings Symptoms Reoperation Outcome 
48,M 13 Cusp disinsertion 1 wk Yes Alive 

44, F 35 Cusp disinsertion 3 wk Yes Alive 

30, F 43 Cusp tear 6 mo Yes Alive 
52,F 7. 608 a Calcification 5 mo Yes Alive 

30, F 63 TSt ai » Calcification 7 mo No Dead 

36, F 78 Cusp" tear 6 mo No Dead 


36, F 90 Calcification 6 wk No ' Dead 
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Fig 3. Actuarial event-free curves for valve failure in 
patients with mitral pericardial xenograft valve re- 
placement. Individual curves are shown for patients 
with Shiley valves, for the entire series, and for patients 
with hospital-made valves. Numbers above the hori- 
zontal axis represent the number of patients at risk. 


ries of valves used in the mitral position, the 
projected actuarial figure is 90.4 + 9.1% at 11 
years of follow-up. Although the number of 
patients followed for more than 8 years is small, 
the actuarial curves remain linear between 8 
and 11 years postoperatively. 


Other Valve-related Complications 

There were 7 episodes of perivalvular leak (5 in 
the single mitral replacement group and 2 in the 
multiple replacement group). All 7 patients 
were successfully reoperated on and continue to 
be well. The linearized rate of perivalvular leak 
was 0.6% per year (0.53% for single mitral and 
0.92% for multiple replacement). The actuarial 


” i F 
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curve of freedom from perivalvular leak is 97.7 
+ 0.9% at 1 and 11 years for the whole series. 

Infective endocarditis occurred in 9 patients, 
5 with isolated mitral and 4 with multiple valve 
replacement. Five patients survived and 4 died 
following reoperation (an operative mortality of 
44.5%). The linearized rate of endocarditis was 
0.78% per year (0.53% for single mitral and 
1.85% for multiple valve replacement). The ac- 
tuarial curve of freedom from endocarditis is 
95.1 + 2.9% at 4 and 11 years of follow-up for 
the entire series. 


Embolic Complications 

Seven episodes of systemic embolization oc- 
curred overall. In the single mitral replacement 
grcup, there were 4 early (at 3, 17, 30, and 42 
days postoperatively) and 2 late emboli (at 8 
and 67 months). In the multiple replacement 
group, 1 embolic event occurred on the second 
postoperative day in a patient with triple valve 
replacement. With a single exception (mild re- 


Table 5. Anticoagulant Treatment and Embolic Complications in Patients 


with Mitral and Multiple Valve Replacement 


Valves Replaced No. of Patients 
Mitral, single 68 
Mitral, single 182 
Multiple replacement 116 
Total 366 


Anticoagulants Systemic Emboli 
Early Late Early Late 
Ne No 4 1 
Yes No 0 1 
Yes No 1 0 

5 2 


270 The Annals of Thoracic Surgery Vol 34. No3 September 1982 


p i-S PERICARDIAL XENOGRAFT 













5 EMBOLIC RATE 
100», 
ji i il eo 98.9:1.1% 
ost. 96.1:2.6% 
MITRAL REPLACEMENT 
go4 me MULTIPLE (0.46 EPISODES % PATIENT YEARS? 
ee SINGLE (064 = o “J 
MULTIPLE 
SINGLE 





YEARS FOLLOW -UP 


Fig 4. Actuarial event-free curves for embolic complica- 
tions in patients with mitral pericardial xenograft valve 
replacement. Separate curves are shown for patients 
with single and with multiple valve replacement. Num- 
bers above the horizontal axis denote the number of pa- 
tients at risk. 


sidual paresis), all embolic phenomena were 
transient (20 minutes to 70 hours). 

Table 5 provides data on subgroups of pa- 
tients according to the anticoagulant treatment 
given and the number of embolic complica- 
tions. The linearized rate of embolism was 
0.6% per year for the entire series (0.64% for 
single mitral replacement and 0.46% for the 
multiple replacement group). Actuarially de- 
termined rates of embolism are shown in Figure 
4, For the entire series, 96.4 + 1.5% of patients 
are expected to be free from emboli at 6 and 11 
years postoperatively. For the single mitral re- 
placement group the actuarial figure is 96.1 + 
2.6% at 6 and 11 years of follow-up, and for the 
multiple replacement group, 98.9 + 1.1% at 1 
and 5 years. 

Attention has already been drawn (in Table 2) 
to the frequency of the factors potentially asso- 
ciated with thromboembolic risk. In this series, 
there was no significant correlation between 
embolic complications and any of the factors 
mentioned with the exception of atrial fibrilla- 


tion. Six of the 7 emboli occurred in patients in 


atrial fibrillation. 
Valve thrombosis has not been encountered 
in this series. 


Comment 


Patient Survival 

Late survival following valve replacement de- 
pends on a multitude of factors that are related 
both to the patient and to the artificial valve 
implanted. The actuarial survival rate, there- 
fore, is a cumulative reflection of these vari- 
ables. In this series, the actuarial survival rate is 
not different from that reported with other tis- 
sue valves at similar durations cf follow-up 
[18-23]. 


Valve Durability 

In the evaluation of a heart valve substitute, 
long-term durability undoubtedly is the most 
important single determinant. In our series of 
366 patients with mitral valve replacement, 
there were only 7 episodes of pericardial xeno- 
graft tissue failure (0.6% per year). In 2 cases the 
pericardium became disinserted from the sup- 
port frame owing to poor valve construction. 
These 2 cases have been included in the analy- 
sis as valve failures. They occurred early post- 
operatively, at 13 and 35 months, respectively. 
In 2 other cases cusp tear occurred, but owing to 
the very small number of cases ard their ran- 
dom appeardnce (43 and 78 months post- 
implantation), no meaningful conclusion can be 
drawn. Calcification occurred in 3 patients aged 
30 to 52 years, and the implant duration aver- 
aged 71 months. Reports of sporadic calcifica- 
tion of other tissue valves in adults have been 
published [18-25]. It is important to note that 
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Fig 5. Composite reported actuarial event-free curves 
for valve failure in patients with pericardial xenograft 
(PX) valves and in patients with porcine valves. 


all 7 failures occurred with the hospital-made 
valves and that 5 (71.4%) of the 7 failures oc- 
curred between 13 and 63 months after im- 
plantation. The follow-up with the Shiley valves 
now extends to a maximum of 68 months, 
and valve failure as defined earlier has not been 
encountered in this or other reported series 
[4-6]. The difference in valve failure between 
the hospital-made and the Shiley valves over 
the initial 68 months of usage can be explained 
only by the different techniques of tissue treat- 
ment and valve manufacture. The Shiley valves 
are fixed in purified glutaraldehyde, and the 
pretreatment with sodium metaperiodate and 
ethylene glycol has been eliminated. Sodium 
metaperiodate is now known to be an oxidizing 
agent which is traumatic to the connective tis- 
sue. In addition, the general improvement in 
selection and matching of tissue and the 
standardization of valve construction have op- 
timized the overall quality of the pericardial 
xenograft. 

Statistical comparison between actuarial data 
reported from various institutions is very dif- 
ficult, but a general impression concerning 
trends can be gained. For tissue valves, the por- 
cine bioprosthesis is a standard against which 
results can be compared. The Hancock valve 
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has been in use for 10 years, and several reports 
of long-term results have been published [18, 
20-24]. Figure 5 compares the reported actuarial 
curves for valve durability. With the exception 
of Oyer and colleagues [21] (who do not include 
in their actuarial curve failures owing to valve 
thrombosis, intrinsic stenosis, and regurgitant 
murmurs), we and other authors [22-24] have 
used a very similar definition of valve failure 
for actuarial analysis. Despite the variability in ` 
patient population and methods of data re- 
porting, the trend in the long-term performance 
of porcine bioprostheses shows a progressively 
increasing rate of valve failure after 5 years of 
follow-up. Although the number of patients at 
risk beyond 5 years is small in all series, there is 
an obvious disparity in the performance past 5 
years between the porcine valves on the one 
hand and the pericardial xenograft on the other. 

Our series of mitral replacement with 
hospital-made valves is similar in number of 
patients, definition of valve failure, and dura- 
tion of follow-up (from 5.7 to 10.7 years) with 
the porcine mitral series reported by Borkon 
and co-workers [23]. The actuarial rates of valve 
failure in these two series follow each other up 
to 8 years, at which point the curves part and 
the gap increases greatly (Fig 6). 

The failure rate in our series with pericardial 
xenografts has shown an overall incidence of 
0.6 episode per 100 patient-years, whereas the 
Shiley valves have functioned well up to 68 
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Fig 6. Actuarial event-free curves for valve failure. 
Comparison of Shiley pericardial xenografts with a 
maximum follow-up of 68 months, hospital-made 
pericardial xenografts followed from 5.7 to 10.7 years, 
and Hancock valves followed from 5 to 10 years. (PX = 
pericardial xenograft; NIH = National Institutes of 
Health [23].) 


months without failure. The actuarial rate of 
freedom from valve failure of 90.4 + 9.1% at 11 
years for the entire series compares well with 
reports of porcine valves for similar durations 
of follow-up [18-24]. 

The sustained long-term durability of the 
pericardial xenograft is probably attributable 
to the quality of tissue and to the shape of the 
valve. Both contribute to smoother opening and 
closure of the valve without areas of excessive 
bending or three-dimensional flexure (Fig 7), 
which are damaging to the connective tissue 
fibers. 

Although both porcine and pericardial valves 
are collagen structures treated with glutaral- 
dehyde, their shape, method of mounting, 
mode of function, and hydraulic characteristics 
are dissimilar and so their long-term perfor- 
mance and mode of failure may be different. 
Only continuous observation over extended 
periods of time will establish the long-term 
structural and functional behavior of tissue 
valves. 
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Embolic Complications 

One of the main advantages of tissue valves, 
especially when used for mitral valve replace- 
ment, is their lower propensity to thrombosis 
and embolization when compared with me- 


- chanical prostheses. 


Our series of patients with pericardial xeno- 
grafts in the mitral position is unique because 
long-term anticoagulation had not been used 
and also because the follow-up now extends 
beyond 10.7 years. The embolic rate in this se- 
ries has been extremely low. The linearized rate 
was 0.6% per year overall (0.64% for isolated 
mitral and 0.46% for multiple valve replace- 
ment), This compares well with the reported 
embolic rate in patients with porcine valves 
whether or not they were treated with an- 
ticoagulants (Table 6) [18, 26-31]. Very low em- 
bolic rates in patients with mitral pericardial 
xenografts (0.2 to 1.1% per year) have also been 
reported by others [5, 6, 32, 33]. 

Of the 7 embolic events, 5 occurred within 6 
weeks of valve replacement. The number of 
emboli is too small to establish a trend, but 
there appears to be a decreasing incidence with 
the passage of time. 

As shown in Table 5, there was a significant 
difference in the early embolic rate between the 
two subgroups of patients with and without 
early postoperative anticoagulant treatment. 
Although the exact cause of early emboli is not 
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Fig 7. Comparison of opening characteristics of three 
tissue valves. (Top row) Modified-orifice Hancock 
valve; (middle) recently modified Carpentier-Edwards 
valve; (bottom row) Ionescu-Shiley pericardial xeno- 
graft. All valves were manufactured for clinical use, and 
all have the same implantation diameter (25 mm). The 
valves were tested under identical conditions in the mi- 
tral compartment of a pulse duplicator, and photographs 
were taken at the peak of diastole. The flow rates were, 
for each frame from left to right: 0, 100, 200, 300, and 
400 ml per second. The opening of the cusps of the 
pericardial valve is synchronous and regular, without 
three-dimensional flexure. There are no crevices or dead 
spaces behind the open cusps of the pericardial valve. 





known, our experience has indicated that an- 
ticoagulant treatment for the initial 6 weeks 
following mitral valve replacement is advan- 
tageous. 

Our series of mitral pericardial valve re- 
placement is similar in many respects to that re- 
cently published by Borkon and co-workers [23] 
concerning mitral replacement using porcine 
valves with follow-up to 10 years and only 
6.5% of patients on long-term anticoagulation 
(Fig 8). The disparity in embolic rate between 
the two series is evident, and it increases pro- 
gressively with time. 

The reduced propensity for thromboem- 
bolism of the pericardial valve most probably is 
related to its design and to the quality of the 


Table 6. Reported Embolic Rates for Patients with Mitral Porcine Valves 


Years of Valve 
Institution Replacement 
Kansas University [26] 1970-1975 
Henry Ford Hospital [27] 1971-1975 
Stanford University [28] 1971-1975 
Stanford University [29] 1971-1978 
Peter Bent Brigham [18] 1972-1977 
Pacific Medical Center [30] 1974—1977 
University of 1975-1978 


British Columbia [31] 


No. of Emboli per Use of Long-Term 

Patients Year (%) Anticoagulation 

104 4.8 If left atrial thrombus 

125 2.9 75% of patients 

243 5.2 15% of patients 

561 3.1 31% of patients 

131 3.8 If atrial fibrillation or 
large left atrium 

126 5.3 50% of patients 

216 3.3 45% of patients 
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Fig 8. Actuarial event-free curves for embolic com; lica- 
tions in patients with mitral valve replacement. Cen- 
parison of the pericardial xenograft (PX) and the Fan- 
cock valve. (NIH = National Institutes of Health 23].) 


tissue. The three cusps are identical in sEape, 
thickness, and pliability, and their degree of 
inertia is minimal. Consequently, the ~alve 
opens and closes synchronously even at low 
flow rates [2, 10-13]. There are no stagnation 
areas, and very little Dacron is exposed t> the 
blood on the outflow aspect of the valve. F gure 
7 shows the opening characteristics, in vit-o, of 
the pericardial valve in comparison to percine 
valves at various flow rates. 

Recent reports support the view that when 
one or more factors associated with an in- 
creased risk of thromboembolism (atrial fabril- 
dation, enlarged left atrium with or wichout 
thrombus, and so on) are present, patiente with 
porcine valves should receive anticoagularts for 
life [18, 21, 24, 31]. This recommend.tion, 
based on clinical results with the porcine bio- 
prosthesis, probably holds true for that type of 
valve. 

Most of the present knowledge of throm- 
boembolic phenomena in the context of heart 
valve replacement is based only on clinial ex- 
perience and general impression. No scientific 
evidence is available concerning the exact na- 
ture or the precise origin of emboli. The pa- 
tient’s cardiovascular and general disease state 
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certainly are responsible for emboli, but only to 
a certain extent and probably less so following 
the improvement in cardiac and circulatory 
performance achieved by valve surgery. For 
example, the embolic rate after mitral commis- 
surotomy or annuloplasty varies in recent re- 
ports fram 0.34 to 0.61 episodes per 100 patient- 
years, with only 14 to 21% of patients treated 
with anticoagulants [34—37]. The implanted ar- 
tificial valve introduces an additional hazard of 
thromboembolism that differs with each type of 
valve substitute. Clinical studies have shown 
that the risk of thromboembolism is higher in 
patients with mechanical prostheses than in 
those with porcine valves [26, 28, 38]. Among 
groups of patients with porcine valves, the em- 
bolic risk is not significantly different whether 
a small proportion of patients (2.3 to 6.4%) re- 
ceived anticoagulants [22, 23] or whether more 
than half of them (50 to 75%) were given long- 
term anticoagulants [27, 30]. Each type of valve 
substittte has its specific propensity for throm- 
boembclism, which cannot be reduced below 
a certain level even under “ideal” conditions 
of anticoagulation. The endeavor to reduce 
thrombaembolic complications in patients with 
valve replacement through stringent control of 
anticoagulation has produced an increased in- 
cidence of anticoagulant-related bleeding com- 
plications [23, 39, 40]. The use of anticoagu- 
lants, therefore, introduces an additional risk 
factor. Theoretically, there is a limit, imposed 
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by the presence of the cardiocirculatory disor- 
der, below which the thromboembolic rate 
cannot be reduced even if an ideal valve sub- 
stitute were available. However, by improve- 
ment in materials and in valve design, this limit 
could be approached, either without anti- 
coagulants or with limited (short-term) antico- 
agulation, and implicitly with a reduced risk 
of bleeding complications. 


Conclusion 

Analysis of our results with the pericardial 
xenograft has demonstrated that mitral valve 
replacement can be performed without long- 
term anticoagulant treatment and with only a 
small risk of late embolization. Moreover, valve 
thrombosis or lethal emboli have not been en- 
countered in this series, and the potential 
hazard of anticoagulant-induced hemorrhage 
was eliminated. 

The sustained durability and the very low 
embolic risk of the pericardial xenograft during 
10.7 years of follow-up encourage us to consider 
it the valve of choice for mitral replacement and 
to continue its use and evaluation. 


Addendum 

Since the preparation of this paper, one additional 
valve failure has occurred in a patient with mitral and 
tricuspid valve replacement. The replaced mitral 
valve became incompetent at 38 months postopera- 
tively. It was successfully removed and replaced with 
another pericardial xenograft. Mitral regurgitation 
was produced by partial disinsertion of one of the 
cusps from the stent at the joining line with the adja- 
cent cusp. This is the first failure of a Shiley-made 
valve in our series. f 
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Discussion 

DR. CHARLES R. HATCHER (Atlanta, GA): I enjoyed 
Professor Ionescu’s presentation very much. Previ- 
ously, he allowed me the privilege of reviewing his 
manuscript. This is a most impressive experience. 
The hospital mortality of 7.7% was routine, but the 
follow-up results are quite remarkable: only 7 valve 
failures, and all of these in the group with hospital- 
made valves, except for 1 recently reported failure in 
the Shiley valves in the past 5 years. If this experi- 
ence can be sustained for a few more years, the 
pericardial valve is likely to achieve preeminence in 
this field. An additional plus has been the low inci- 
dence of thromboembolism despite only short-term 
anticoagulation. This experience must be compared 
to the results with other biological valves. 

At Emory University we have followed 1,030 
xenograft valve replacements for 4 to 85 months. The 
thromboembolism experience was 8 instances, or 
0.8%, during this period. Fifty patients have now 
developed some type of valve dysfunction. In 18 this 
valve dysfunction resulted in death, an incidence of 
1.7%, and in 32 patients a reoperation was per- 
formed, an incidence of 3.1%. 

At Emory, we have replaced the mitral valve with a 
xenograft in 352 cases. There were 333 hospital sur- 
vivors, or 94.3%. During the 7-year follow-up inter- 
val there have been 37 late deaths (9.2%)-—6 valve 
related, 13 myocardial, 13 noncardiac, and 4 from 
undetermined causes. 

We are impressed by the relationship between late 
xenograft failure and age at the time of implantation. 
We have seen 1 failure in a small group of patients 
younger than 15 years, an 11% failure rate; 13 failures 
in 102 valve implantations in the 15- to 34-year-old 
group, or 13.3%; and 27 failures of 919 implantations 
in the group of patients older than 34 years, for an 
extremely low 2.9%. Clearly, patients older than 35 
years of age have a very respectable long-term survi- 
val, whereas durability is not satisfactory in the 
younger patients. Therefore, we would not recom- 
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mend that the xenograft valve be employed in chil- 
dren or young adults. There is the additional 
hemodynamic problem in small sizes of valves. We 
avoid young patients and patients who would re- 
quire a small xenograft. 

An actuarial curve relating xenograft durability to 
implantation site shows that the valve is essentially 
equally durable whether in the aortic or the mitral 
position. Thus, the extra stress theoretically applied 
to the mitral valve does not appear to be a relevant 
factor in this series in terms of long-term survival. 

In summary, our experience with the porcine 
xenograft has not been as good as Professor Ionescu’s 
with the pericardial valve, and I think we all will 
anxiously await the reports of additional centers and 
the extended experience from Leeds. If these results 
can be sustained, I am certain that the pericardial 
xenograft will come to be the valve of choice at many 
centers. 


DR. LORENZO GONZALEZ-LAVIN (Palo Alto, CA): Our 
own experience supports Mr. Ionescu’s views. We 
started to use the lonescu-Shiley pericardial xeno- 
graft valve in February, 1976, at the Ingham Medical 
Center in Lansing, and have continued its use at the 
Palo Alto Medical Foundation. 

A formal ongoing investigation of these results will 
be the subject of a future report. Suffice it to say that 
among 139 patients with aortic valve replacement 
who were followed between 3 and 71 months, there 
have been no intrinsic valve failures. Forty-two of 
these patients have been followed for more than 4 
years. This valve has provided excellent hemody- 
namics even in those patients with an aortic annulus 
less than 21 mm in diameter. 

I believe that a careful analysis, such as the one 
presented this morning by Marian Ionescu, coupled 
with enough follow-up time is crucial for the correct 
assessment of long-term function of any valve sub- 
stitute. 


DR. MARTIN J. O'NEILL (Hershey, PA): We have im- 
planted the Ionescu-Shiley valve in 35 patients over 
the last 3 years, limiting its use to the aortic position 
and only in older patients with a smaller aortic an- 


nulus. Recently, the first patient in whom we used 
this valve returned for reoperation. She had been 63 
years old at the time of implantation. 

On removing the valve in the operating room, I 
noted obvious calcification of the leaflets. Histologi- 
cal analysis confirmed calcification of the valve, 
which had been implanted for only 15 months. 

I would like to ask Mr. Ionescu whether he has 
seen early calcification in the aortic position and 
whether he would expect more calcification in the 
aortic position than the mitral. Also, is there some 
way that he could determine prospectively which 
patients will develop calcification of this type? 


MR. IONESCU: I thank the discussants for their in- 
teresting comments. It is very pleasing indeed to 
learn about the large number of pericardial xenograft 
valve users. 

In answer to Dr. O’Neill’s questions, I should like . 
to repeat that in our series of 366 patients with mitral 
replacement, 3 pericardial valves calcified at 60 to 90 
months following implantation. We have not en- 
countered early calcification of the periocardial xeno- 
graft in our patient population aged 14 to 74 years. In 
our experience, which extends now to well over 10 
years, the rate of pericardial xenograft failure, in- 
cluding calcification, has been very low (0.6 episodes 
per 100 patient-years). However, the most inter- 
esting aspect from our long-term follow-up with 
mitral replacement, which distinguishes the pericar- 
dial xenograft from all other tissue valves, is its very 
low propensity for thromboembolism even without 
long-term anticoagulant treatment. In addition, the 
anticoagulant-related bleeding complications have 
been virtually eliminated by simply not using an- 
ticoagulants. This beneficial characteristic of the 
pericardial xenograft is due mainly to the configura- 
tion of the valve and its hydraulic characteristics. 
Although the patient’s disease state contributes to a 
certain extent to thromboembolic complications, the 
main risk is valve related. It is evident now that each 
type of tissue valve has its own specific propen- 
sity for thromboembolism and that this propensity 
cannot be greatly altered by anticoagulant treat- 
ment. 


Comparison of Roller Pump 
Administration 


versus Pressurized Ba 


of Potassium Cardioplegic Solution 
Frederick L. Grover, M.D., John G. Fewel, M.S., 


John J. Ghidoni, M.D., Edward V. Bennett, 


` and J. Kent Trinkle, M.D. 


ABSTRACT We sought to determine the relative 
efficacy of administering cardioplegia by the 
pressurized bag versus roller pump technique. 
Fourteen dogs were placed on cardiopulmonary 
bypass at 30°C and subjected to 2 hours of cardio- 
plegic arrest. Group 1 (7 dogs) was administered car- 
dioplegic solution from a plastic bag under pressure 
into the ascending aorta every 20 minutes for the 
2-hour period, and Group 2 (7 dogs) was given car- 
dioplegia by means of a roller pump. 

Myocardial temperature decreased in Group 1 to 
13.4°C following administration of the cardioplegic 
solution, and to 13.1°C in Group 2 (not significant). 
These temperatures were reached in 3.0 minutes in 
Group 1 and 1.9 minutes in Group 2 (p < 0.03). Aor- 
tic root pressures during cardioplegic infusion were 
31 + 2 mm Hg in Group 1 versus 46 + 2 mm Hg in 
Group 2 (p < 0.01). No significant differences be- 
tween groups were noted in myocardial distribution 
of cardioplegia, myocardial blood flow or metabo- 
lism, or left ventricular hemodynamics. 

We conclude that both methods of administering 
cardioplegia lowered myocardial temperature ade- 
quately and protected the myocardium for a period 
of 2 hours in these normal hearts. The roller pump 
method facilitated faster cooling and produced sig- 
nificantly higher aortic perfusion pressures, how- 
ever, which may be important in hearts with coro- 
nary stenosis. 


Numerous studies have been reported which 
investigated the effects of various compositions 
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of cardioplegic solutions, but relatively few 
have reported the efficacy of the various tech- 
niques of administering cardioplegic solutions. 
Some centers have advocated administration of 
cardioplegia by pressurized bag [1-4], others 
by means of roller pumps with either a heat ex- 
changer or a cooling coil [5-7], and still others 
advocate using a syringe [8]. While most sub- 
scribe to perfusion of the aortic root or the indi- 
vidual coronary ostia if aortic regurgitation is 
present, some have advocated administration 
through the left ventricle [9] or through cathe- 
ters directly into the coronary arteries distal to 
stenosis [10]. The following study was con- 
ducted to determine the relative advantages 
and disadvantages of administering cardiople- 
gia through the aortic root by the pressurized 
bag and the roller pump techniques. 


Methods 

Fourteen adult mongrel dogs were anesthetized 
intravenously with 100 mg per kilogram of 
body weight of chloralose and 0.75 mg per kilo- 
gram of morphine sulfate. Carotid arterial and 
central venous pressure catheters were in- 
serted, and a median sternotomy was per- 
formed with catheters placed in the left atrium, 
left ventricle, and the coronary'sinus by way of 
the right atrium. The dogs were given 3 mg per 
kilogram of heparin intravenously. The right 
femoral artery was cannulated for flow from the 
cardiopulmonary bypass pump, and the su- 
perior and inferior venae cavae were cannu- 
lated through separate right atriotomies for 
flow from the animal to the pump. An Optiflow 
bubble oxygenator* and Sarns modular pumpt 
were primed with 20 ml per ‘kilogram of 5% - 
dextrose and Plasmalyte, with the remainder of . 


*Cobe Laboratories, Inc., Lakewood, CO 80215. 
tSarns Inc., Ann Arbor, MI 48106. 
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the solution being fresh heparinized dog blood. 
The azygos vein was ligated. Total cardio- 
pulmonary bypass was initiated, both venae 
cavae were taped, and bypass was maintained 
at a flow rate of 80 ml per kilogram per minute. 
Catheters were inserted into both ventricles for 
drainage into the pump, and the pulmonary 
artery was occluded with an umbilical tape. 
Right ventricular drainage was measured as 
coronary sinus flow. Two 14-gauge Angiocaths 
were inserted into the aortic root for cardio- 
plegic infusion and simultaneous measurement 
of aortic root pressure. 

The following values were measured before 
bypass; before, during, and after cardioplegic 
arrest while on bypass; and for 1 hour following 
cardiopulmonary bypass: 


Arterial, central venous, and left ventricular 
pressures 

Cardiac output (dye-dilution technique) 

Coronary sinus pH, Po,, Pco,, and lactate 

Arterial pH, Po,, Pecos, and lactate 

Myocardial lactate, adenosine triphosphate 
(ATP), and glycogen 


The myocardial tissue was obtained by needle 
biopsy and immediately frozen in liquid nitro- 
gen (—163°C). Chemical analyses were done ac- 
cording to the method of Lowry and Pas- 
sonneau [11]. 

Sequential needle biopsy specimens of the 
left ventricle were obtained for electron mi- 
croscopy and were immediately immersed in 
cacodylate-buffered 2% glutaraldehyde at 4°C 
and diced into blocks 1 mm at the widest di- 
mension. The tissue was then rinsed in buffer 
solution and postfixed in cacodylate-buffered 
1% osmium tettoxide. After en bloc staining 
with uranyl acetate, the tissue blocks were de- 
hydrated rapidly and infiltrated with epoxy 
resin for embedding. The epoxy embedinents 
were sectioned, stained with lead citrate, and 
studied and photographed in an RCA model 
EMU 4 electron microscope. Regional myocar- 


dial blood flows before bypass. and 30 minutes. 


after bypass were’ measured iby injection ‘of 
400,000 to 800,000 radioactive microspheres, 15 
+ 5 u in diameter (3M Company) and labeled 
with I and **Sc, injected into the left atrium as 


per Buckberg [12]. Reference blood samples 
were obtained from the carotid artery. Similar 
quantities of radioactive microspheres tagged 
with “Ce and Sr were added to the cardio- 
plegic infusions at 30 and 120 minutes of arrest 
to assess the relative endocardial to epicardial 
distribution of the cardioplegic solution. 

The dogs were placed on total cardiopulmo- 
nary bypass at 30°C and subjected to 2 hours 
of cardioplegic arrest. Group 1 (7 dogs) was 
administered cardioplegia from a plastic bag 
under pressure into the ascending aorta every 
20 minutes for the 2-hour period; Group 2 (7 
dogs) was given cardioplegia by means of a 
roller pump at the same intervals. The cardio- 
plegic solution (5% dextrose and 0.2 N saline 
solution, to each 500 ml of which was added 20 
mEq of potassium chloride and 6 mEq of 
sodium bicarbonate) was infused into the as- 
cending aorta at a temperature of 0° to 4°C 
through 14-gauge catheters. Group 1 had 300 ml 
of cardioplegia administered from a plastic bag 
that was compressed at a pressure of 300 mm 
Hg at the previously mentioned intervals. In 
Group 2, 300 ml of cardioplegia was given by 
means of a roller pump at a rate of 150 ml per 
minute. The myocardial temperature was con- 
tinuously monitored with a needle thermistor, 
which was inserted into the ventricular sep- 
tum. Systemic temperature was monitored by 
an esophageal temperature probe. Aortic root 
pressure was monitored during cardiopulmo- 
nary bypass. The hearts were allowed to recover 
on bypass for 30 minutes following the arrest 
period, and during this time all animals were 
rewarmed. Cardiopulmonary bypass then was 
discontinued and further measurements were 
recorded for 1 hour, at which time the dogs 
were killed. 


Results 

The myocardial temperature decreased from 
28.1° + 0.6°C to 13.4° + 0.5°C in Group 1 
(pressurized bag. cardioplegia) immediately 
following the infusion of cardioplegic solution. 
Similarly, the myocardial temperature in Group 
2 (roller pump infusion) decreased from 29.8° + 
1.4°C to 13.1° + 0.4°C. However, it took 3 min- 
utes for the myocardium to cool to this point in 
Group 1 as compared to only 1.9 minutes in 
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Fig 1. Myocardial temperature decreased to 13°C in both 
groups following infusion of cardioplegic solution, but 
this temperature was reached in 1.9 minutes in Group 2 
(roller pump) as compared to 3 minutes in Group 1 
(pressurized bag) (p < 0.03). (SEM = standard error of 
the mean.) 
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Fig 2. Aortic root pressure was significantly higher in 
Group 2 (roller pump) than in Group 1 (pressurized bag) 
during cardioplegic infusion. (SEM = standard error of 
the mean.) 
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Group 2 (p < 0.03) (Fig 1). The temperature in- 
creased slowly between cardioplegic infusions, 
reaching identical 21.4° + 0.5°C temperatures 20 
minutes after the infusion of the cardioplegia. 

The aortic root pressure reached its highest 
level 30 seconds after the initiation of cardio- 
plegic infusion, increasing from 0 to 31 + 2mm 
Hg in Group 1 as compared to 46 + 2mm Hgin 
Group 2 (p < 0.01) (Fig 2). The left ventricu- 
lar endocardial to epicardial cardioplegic flow 
ratios were calculated using the microsphere 
technique during the cardioplegic administra- 
tion at 30 and 120 minutes of the arrest period. 
The left ventricular endocardial/epicardial ratio 
was not significantly different between groups, 
being 1.19 + 0.10 and 1.15 + 0.12 at 30 and 120 
minutes in Group 1 and 1.05 + 0.11 and 0.97 + 
0.10 in Group 2. Corresponding values for the 
right ventricle were 1.06 + 0.08 and 1.09 + 0.16 
in Group 1 and 1.26 + 0.16 and 1.34 + 0.17 in 
Group 2. 


Myocardial Blood Flow - 

Coronary sinus flow, as measured by the right 

ventricular pump, demonstrated a reactive 

hyperemia following release of the aortic 

cross-clamp. The coronary sinus flow increased 

from 73 + 15 ml per minute per 100 gm of. 
myocardium to 122 + 18 ml 1 minute after re- 

lease of the cross-clamp in Group 1, and was 

followed by a gradual decrease to 54 + 11 ml 30 
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- Table 1. Myocardial Blood Flow® 


15 Min 1Min 3 Min 


Pre- of after after 
Determination bypass 
Coronary sinus 
flow 
Group 1 
Group 2 


5 12418 
165 + 28 
(p < 0.30) 


Left ventricular 
flow (micro- 
spheres) 
Group 1 6t t 
Group 2 70 + 


Septal flow 
(microspheres) 
Group 1 
Group 2 
Right ventricular 
flow (micro- 
spheres) 
Group 1 41 +6 
Group 2 48 +3 


All values are ml/min/109 gm myocardium. 


minutes after release of the clamp (Table 1). 
Coronary flow in Group 2 animals increased 
from 79 + 6 ml per minute per 100 gm of 
myocardium to 165 + 28 (p < 0.30) during re- 
perfusion, then gradually decreased to 66 + 6 at 
30 minutes following release of the cross-clamp. 
Left ventricular flow, as measured by radioac- 
tive microspheres, revealed a flow of 64 + 12 ml 
per minute per 100 gm of myocardium prior to 
bypass in Group 1, which increased moder- 
ately, to 113 + 21 ml, 30 minutes after bypass. 
Left ventricular flow in Group 2 increased from 
70 + 5 to 120 + 11 ml per minute per 100 gm. 
Septal and right ventricular flows showed 
similar increases after arrest and bypass in both 
groups, as noted in Table 1. 


Myocardial Metabolism 

Myocardial ATP was 5.23 + 0.65 wmoles per 
gram of myocardium prior to bypass in Group 
1. This decreased only slightly, to 4.48 + 0.6, at 
the end of the 2-hour cardioplegic period, and 
then further decreased during the recovery pe- 
riod to 3.38 + 0.30. Group 2 showed similar re- 
sults, with a prepump value of 5.67 + 0.37 
pmoles per gram, decreasing slightly to 4.29 + 
0.22 at the end of 2 hours of ischemia, and was 


Bypass Arrest Arrest 


111 + 12 
114 + 20 


5 Min 10 Min 30Min 30 Min 
after after after after _ after 
Arrest Arrest Arrest Arrest Bypass 


97 +15 97 + 20° 
107 +16 78+ 12 


w D 
RE 
HH 
Ar 

par 


4.25 + 1.33 at 60 minutes after bypass (Fig 3). 

Myocardial glycogen in Group 1 was 948 + 25 
mg/100 ml prior to bypass, decreased to 690 + 
102 after 2 hours of ischemia, further decreased 
for 30 minutes following bypass to 536 + 44, but 
increased to 614 + 54 when measured 60 min- 
utes after bypass. Group 2 behaved similarly, 
beginning at 1,003 + 132 mg/100 ml, decreasing 
to 824 + 98 at the end of the ischemic period, 
decreasing slightly in the initial recovery re- 
perfusion period, but increasing to 856 + 100 an 
hour after bypass. 

Prior to bypass, myocardial lactate was 2.58 
+ 0.77 mmoles per gram of myocardium in 
Group 1. This increased to a maximum of 8.86 + 
1.73 after 2 hours of cardioplegic arrest and then 
decreased to 6.10 + 0.84 after 10 minutes of re- 
perfusion. Myocardial lactate in Group 2 began 
at 2.63 + 0.48 umoles per gram, rose to 8.79 + 
0.34 after 2 hours of ischemia, decreased to 6.67 
+ 1.51 after 10 minutes of reperfusion, and then 
gradually increased for the remainder of the ex- 
periment (Fig 4). 

Myocardial lactate extraction was somewhat 
less in the prebypass period in Group 1 than in 
Group 2 (0.30 + 0.3 versus 0.57 + 0.12 wmoles 
per milliliter). Both groups decreased markedly 
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Fig 3. Myocardial adenosine triphosphate levels de- 
creased slightly in both groups during cardioplegic ar- 
rest and during the reperfusion period. There was no 
significant difference between groups. (SEM = standard 
error of the mean; C-P = cardiopulmonary.) 
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Fig 4. Myocardial lactate increased very similarly dur- 
ing cardioplegic arrest in both groups, and then de- 
creased following release of the cross-clamp. (SEM = 
standard error of the mean; C-P = cardiopulmonary.) 


1 minute after the release of the ‘aortic cross- 
clamp; Group 1 decreased to —0.42 + 0.35, and 
Group 2 to —0.63 £0.15. Both groups improved 
during the first 15 minutes of reperfusion, and 
no significant differences between groups were 
noted. 


+ 


Hemodynamics ] 
Heart rate decreased in Group 1 from 165 + 6 
beats per minute prior to bypass to 137 + 9 and 
128 + 9 following bypass (Table 2). In Group 2 
also, the heart rate decreased from 156 + 10 
beats per minute to 117 + 8 and 128 + 11. 
Aortic systolic pressure decreased in Group 1 
from 128 + 5 mm Hg before bypass to 98 + 5 
afterward. In Group 2, it decreased from 129 + 9 
mm Hg to 106 + 11:(see Table 2). Central ve- 
nous pressure remained relatively constant in 


we 


‘ 
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Table 2, Hemodynamics 


30 Min after 60 Min after 

Determination Prebypass Bypass Bypass 
Heart rate (beats/min) 

Group 1 165 + 6 137 +9 128 + 9 

Group 2 156 + 10 117 + 8 128 + 11 

_ Aortic systolic pressure (mm Hg) 

Group 1 12845 110 +5 98 +5 

Group 2 12949 10449 106 + 11 
Cardiac output (dye dilution) (ml/kg/min) 

Group 1 81 + 12 66 + 8 65 + 20 

Group 2 99 +15 68 + 10 58 + 12 
Left ventricular dp/dtma, (mm Hg/sec) 

Group 1 2,954 + 249 2,023 + 300 2,207 + 256 

Group 2 2,589 + 366 1,750 + 97 2,163 + 466 





Group 1, but in Group 2 it rose from 2.0 + 0.7 
mm Hg to 6 + 1.6 at 30 minutes after bypass 
and then returned to 4 + 1.4 by 60 minutes after 
bypass. Left atrial pressure decreased from 5.2 
+ 0.7 mm Hg to 1.5 + 1.0 when measured 30 
minutes after bypass in Group 1 and increased 
in Group 2 from 3.8 + 1.4 mm Hg to 8.0 + 2.0. 
The differences were not significant, however. 

The maximum rate of rise of left ventricular 
pressure (dp/dt,,,,) decreased in Group 1 from 
2,954 + 249 mm Hg per second to 2,023 + 300 at 
30 minutes following bypass and then rose to 
2,207 + 256 at 60 minutes following bypass 
(see Table 2). Values in Group 2 animals de- 


creased in a similar fashion from 2,589 + 366 


mm Hg per second to 1,750 + 97 at 30 min- 
utes following bypass, rising to 2,163 + 466 an 
hour after bypass. 

Cardiac output in Group 1 deeded from 81 
+ 12 ml per kilogram per minute prior to 
bypass to 66 + 8 and 65 + 20 when determined 
30 and 60 minutes after bypass, respectively. 
Cardiac outputs in Group 2 decreased similarly, 
from 99 + 15 ml per kilogram per minute to 68 
+ 10 and 58 + 12 (see Table 2). 

No significant differences between groups 
were noted in the left ventricular pressure/ 
volume curves. With a 20 cc balloon volume, 
the left ventricular systolic pressure for Group 1 
at 15 minutes of bypass was 155 + 19 mm Hg. 
This decreased only very slighty, to 151 + 14, 


when determined 5 minutes after release of the 
cross-clamp and was 163 + 20 mm Hg 30 min- 
utes after the arrest period. Corresponding 
pressures in. Group 2 were 130 + 20 mm Hg 
after 15 minutes of bypass, 115 + 10 at 5 min- 
utes after release of the cross-clamp, and 129 + © 
12 mm Hg 30 minutes after cardioplegic arrest. 
Findings were similar at a 30 cc balloon volume 
(Fig 5): Group 1 values were 156 + 32 mm Hg at 
15 minutes of bypass, decreasing to 123 + 12 at 
5 minutes after release of the clamp, and in- 
creasing to 180 + 21 mm Hg 30 minutes after the 
arrest period. Group 2 values, by comparison, 
were 132 + 24 mm Hg after 15 minutes of 
bypass, and 103 + 5 and 128 + 20 at 5 and 30 
minutes after cardioplegic arrest. When ‘the 
baseline values for both the 20 and 30 cc ‘balloon 
volumes were equalized, there were no sig- 
nificant differences between the two groups. 


Electron Microscopy i e 
Hearts from both experimental groups showed 
similar ultrastructural features. Remarkable 
preservation of normal ultrastructural detail 
was maintained by both groups throughoùt the 
2-hour interval of aortic cross-clamping, there 
being only minor cloudy swelling. However, 15. 
minutes after the release of the cross-clamp; 
minor but significant cytologic changes did 
occur. Such changes seemed randomly distrib: 
uted between our two groups and consisted of 


284 The-Annals of Thoracic Surgery Vol 34 No3 September 1982 


~~ Pressurized Bag 
— — — Roller Pump 








Cardioplegic Arrest 


| i 








+ SEM | 





T T aaa | 
Sof 5p o'p 5p 
Bypass Arrest Arrest Arrest 


Fig 5. Left ventricular pressurelvolume curve with 30 cc 
balloon volume. The systolic left ventricular pressure 
decreased moderately and similarly in both groups after 
2 hours of cardioplegic arrest, with good recovery dur- 
ing the reperfusion period. (SEM = standard error of 
the mean.) 


_ slightly increased swelling of mitochondria and 
sarcoplasmic reticulum. There was only one 
isolated instance of major contraction banding. 


Comment 

It is thought that the majority of patients who 
die after cardiac surgical procedures do so from 
left ventricular subendocardial necrosis sec- 
ondary to inadequate myocardial protection 
[13]. In 1973, Gay and Ebert [14] reintroduced 
potassium cardioplegia as a method of protect- 
ing the myocardium during cardiac operations. 
Since then, numerous articles have been pub- 
lished regarding the content of the cardioplegic 
solution and the temperature at which it should 


be given. Relatively little has been reported, 


however, about the exact technique of ad- 
ministering cardioplegia, i.e., optimal pressure 
or flow, or whether by roller pump or a 
“squeeze bag.” Ebert [15] has noted that “the 
concentration of potassium or other metabolic 
components of the cardioplegic solution ap- 
pears to be less important than proper appli- 
cation of techniques and correct maintenance 
of hypothermia.” 

There are only a few reports describing the 
various techniques of delivering cardioplegic 


1 
305 
Arrest 


solution. Chiu and colleagues [1] described a 
pressurized bag technique by which cardiople- 
gia was delivered through a 14-gauge needle 
with the bag being subjected to a 200 mm Hg 
pressure. However, those authors noted poor 
cooling of myocardium supplied by the stenotic 
coronary arteries. Salomon and Copeland [2] 
also described infusing cardioplegia solution 
through a 14-gauge catheter with the infusion 
bag pressurized to 300 mm Hg. Neither of these 
papers reported the resultant aortic root perfu- 
sion pressure. Fisk and his colleagues [3] re- 
ported having the circulating assistant apply 
manual pressure to the bag of cardioplegic so- 
lution. Marrin and co-workers [4] also advo- 
cated the use of a pressurized bag. Vertrees and 
his associates [5] used a low-speed roller pump, 
a perfusion reservoir, and a 7.6 m cooling coil, 
and cannulated the aorta with a 10F oxygen 
catheter. They adjusted their flow rate to reach 
an aortic root pressure of 50 to 80 mm Hg. No 
data relating the rapidity and degree of cooling 
or myocardial function were included in their 
report, however. Levinsky’s group [6] also ad- 
vocated the use of a roller pump with two cool- 
ing coils, but only perfused at a rate to achieve 
an aortic root pressure of 20 to 30 mm Hg, 
whereas Cunningham and co-workers [7] rec- 
ommended roller pump infusion at a pressure 
of 80 to 100 mm Hg. Laks and his colleagues [8] 
advocated administering cardioplegia with a 50 
ml syfinge, and Ekroth and his associates [16] 
described a method whereby the solution is 
administered by 1 m gravity flow through a 3 
mm cannula. This latter technique required 8 to 
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10 minutes to achieve adequate myocardial 
cooling. None of these papers compared their 
respective technique of administration to an- 
other technique, however, and correlation of 
each technique with physiological and hemo- 
dynamic indices of myocardial preservation 
was rare. 

Considerable concern has arisen regarding 
the adequacy of myocardial cooling and protec- 
tion from cardioplegia to regions supplied by 
stenosed coronary arteries. Chiu and associates 
[1] noted considerable variability in myocardial 
cooling, with insufficient cooling in areas distal 
to a coronary stenosis. Ekroth’s group [16] con- 
firmed this finding by a thermographic tech- 
nique. Hilton and co-workers [17] found that a 
high degree of ventricular dysfunction occurred 
after cardioplegic arrest in areas of myocardial 
ischemia. Becker and colleagues [18] noted that 
myocardium distal to coronary stenoses dem- 
onstrated less contractility and compliance after 
cardioplegic arrest than those areas supplied by 
normal coronary arteries. Heineman and as- 
sociates [19], in an animal model, found that 
myocardial cooling was impaired by both 
critical stenosis and occlusion of coronary ar- 
teries because of reduced cardioplegic flow to 
the affected areas. Grondin and associates [20] 
also confirmed that critical coronary stenosis 
decreased myocardial protection from cardio- 
plegia and caused poor recovery of regional left 
ventricular function. 

The perfusion pressure at which cardioplegia 
is administered has proved to be important. 
Foglia and his colleagues [21] found that hearts 
arrested within 19 seconds when perfused at a 
pressure of 80 mm Hg, as compared to 53 sec- 
onds at a perfusion pressure of 30 mm Hg. 
Schwartz and co-workers [22] noted that as the 
proximal coronary artery pressure increased, 
resistance across coronary lesions decreased. 
Robertson and associates [23] found that with 
higher aortic root pressures, flow distal to coro- 
nary lesions was higher, and myocardial cool- 
ing was greater and occurred more quickly. Of 
interest in our review of the various techniques 
for administering cardioplegia, whether by 
pressurized bag or by roller pump, was the 
large variation in aortic root perfusion pressure 
used with both techniques and the lack of uni- 


formity with which cardioplegia is adminis- 
tered among the various centers. 

As far as we know, our experiment is the only 
study that compares the two most common 
techniques for administration of cardiople- 
gia—pressurized bag’versus roller pump. Al- 
though no significant differences were found 
in myocardial blood flow, metabolism, 
or left ventricular function between the two 
techniques in these normal dog hearts, the 
roller pump method did create a significantly 
higher aortic root perfusion pressure and 
cooled the myocardium more quickly. As we 
noted previously, major problems in deliv- 
ering cardioplegia to the myocardium occur 
clinically in patients with critical coronary 
stenosis, resulting in uneven myocardial cool- 
ing and impaired regional myocardial preser- 
vation. In this setting, as discussed previously, 
cardioplegic flow distal to coronary stenosis is 
increased at higher perfusion pressures. Our 
study also confirms the findings of more effi- 
cient delivery of cardioplegia at higher perfu- 
sion pressures [21, 23]. Therefore, it is likely 
that in the presence of critical coronary 
stenosis, the ability to infuse cardioplegia at a 
higher pressure, as can be done using the roller 
pump, may offer better protection to areas of 
myocardium supplied by diseased coronary 
arteries. The attainable aortic root perfusion 
pressure using the pressurized bag technique 
with a 14-gauge Angiocath was only 31 mm Hg, 
despite the bag being inflated to a pressure of 
300 mm Hg. Although this pressure gradient 
probably could be decreased by cannulating the 
aortic root with a larger cannula, precise regu- 
lation of perfusion pressure would be difficult 
with the pressurized bag technique. The roller 
pump method, although somewhat more com- 
plicated and expensive, appears to offer more 
precise control for infusion of cardioplegia and, 
for patients with critical coronary stenosis, may 
be the preferred technique. 


Supported by the Medical Research Service of the 
Veterans Administration. 


References 
1. Chiu RCJ, Blundell PE, Scott HJ, Cain S: The im- 
portance of monitoring intramyocardial temper- 


286 The Annals of Thoracic Surgery Vol34 No3 September 1982 


10. 


11. 


ature during hypothermic myocardial protection. 
Ann Thorac Surg 28:317, 1979 


. Salomon NW, Copeland JG: Single catheter tech- 


nique for cardioplegia and venting during coro- 
nary artery bypass grafting. Ann -Thorac Surg 
30:88, 1980 


. Fisk RL, Gelfand ET, Callaghan JC: Hypothermic 


coronary perfusion for intraoperative cardiople- 
gia. Ann Thorac Surg 23:58, 1977 


. Marrin CA, Spotnitz H, Bregman D: Myocardial 


preservation. Curr Prob] Surg 8:514, 1981 


‘5. Vertrees RA, Auvil J, Rousou JH, Engelman RM: 


A technique of myocardial preservation perfu- 
sion. Ann Thorac Surg 28:601, 1979 


. Levinsky L, Lee AB, Lee KC, et al: Cold blood- 


potassium cardioplegia. Ann Thorac Surg 30:297, 
1980 


. Cunningham JN, Adams PX, Knopp EA, et al: 


Preservation of ATP, ultrastructure, and ven- 
tricular function after aortic cross-clamping and 
reperfusion. J Thorac Cardiovasc Surg 78:708, 
1979 


. Laks H, Barner HB, Kaiser G: Cold blood car- 


dioplegia. J Thorac Cardiovasc Surg 77:319, 1979 


. Schachner A, Schimert G, Lajos TZ, et al: Selec- 


tive intracavitary and coronary profound hy- 
pothermic cardioplegia for myocardial preser- 
vation: a new technique. Ann Thorac Surg 
23:154, 1977 

Mindich BP, Jurado RA, Estioko MR, Litwak RS: 
Administering cold cardioplegia in patients un- 
dergoing coronary artery bypass grafting. Ann 
Thorac Surg 31:188, 1981 

Lowry OH, Passonneau JV: A Flexible System of 
Enzymatic Analysis. New York, Academic, 1972 


. Buckberg GD: Studies of regional coronary flow 


using radioactive microspheres. Ann Thorac Surg 
20:46, 1975 


18. 


19. 


20. 


21. 


. Buckberg GD: Left ventricular subendocardial 


necrosis. Ann Thorac Surg 24:379, 1977 


. Gay WA, Ebert PA: Functional, metabolic, and 


morphologic effects of potassium-induced car- 
dioplegia. Surgery 74:284, 1973 


. Ebert PA: Aspects of myocardial protection. Ann 


Thorac Surg 26:495, 1978 


. Ekroth R, Berggren H, Stidow G, et al: Thermo- 


graphic demonstration of uneven myocardial 
cooling in patients with coronary lesions. Ann 
Thorac Surg 29:341, 1980 


. Hilton CJ, Teubl W, Acker M, et al: Inadequate 


cardioplegic protection with obstructed coronary 
arteries. Ann Thorac Surg 28:323, 1979 

Becker H, Vinten-Johansen J, Buckberg GD, et al: 
Critical importance of ensuring cardioplegic de- 
livery with coronary stenoses. J Thorac Car- 
diovasc Surg 81:507, 1981 

Heineman FW, MacGregor DC, Wilson GJ, 
Ninomiya J: Regional and transmural myocardial 
temperature distribution in cold chemical car- 
dioplegia. J Thorac Cardiovase Surg 81:851, 
1981 

Grondin CM, Helias J, Vouhe PR, Robert P: In- 
fluence of a critical coronary artery stenosis on 
myocardial protection through cold potassium 
cardioplegia. J Thorac Cardiovasc Surg 82:608, 
1981 

Foglia RP, Steed DL, Follette DM, et al: Jatro- 
genic myocardial edema with potassium cardio- 
plegia. J Thorac Cardiovasc Surg 78:217, 1979 


. Schwartz JS, Carlyle PF, Cohn JN: Effect of coro- 


nary arterial pressure on coronary stenosis re- 
sistance. Circulation 61:70, 1980 


. Robertson JM, Buckberg GD, Vinten-Johansen J: 


Cardioplegic delivery beyond coronary stenoses: 
the superiority of blood cardioplegia over asan- 
guineous cardioplegia. Surg Forum 32:286, 1981 


we 


Early Open Radical Commissurotomy: 
Surgical Treatment of Choice for Mitral Stenosis 


John C. Laschinger, M.D., Joseph N. Cunningham, Jr., M.D., 
F. Gregory Baumann, Ph.D., O. Wayne Isom, M.D., Frank P. Catinella, M.D., 
Alan Mendelsohn, Peter X. Adams, M.D., and Frank C. Spencer, M.D. 


ABSTRACT Between 1967 and 1979, 411 patients 
underwent surgical treatment of isolated mitral 
stenosis at our institution. Open radical mitral com- 
missurotomy was performed in 150 patients (1967— 
1978; mean follow-up, 46 months; range, 4 to 116 
months). Mitral valve replacement using a porcine 
prosthesis was performed in 74 patients (1976-1979; 
mean follow-up, 23 manths; range, 2 to 48 months). 
Mitral valve replacement with a cloth-covered 
Starr-Edwards prosthesis was performed in 187 pa- 
tients (1967-1975; mean follow-up, 45 months; 
range, 2 to 106 months). Preoperative characteristics 
were similar in the three groups. The open commis- 
surotomy and Starr-Edwards groups were followed 
up to 9 years and the porcine valve group up to 
4 years, with 97% follow-up in each group. Life- 
table analysis (6-month intervals) of all postop- 
erative complications revealed significantly greater 
complication-free survival for patients who had 
open radical commissurotomy compared with 
Starr-Edwards (p < 0.05) valve replacement. Similar 
analysis of thromboembolic and warfarin-related 
complications revealed significantly fewer compli- 
cations in commissurotomy patients. No significant 
differences were found (p > 0.05) when comparing 
the need for subsequent reoperation in each group. 

Operative mortality following open radical mitral 
commissurotomy (0%; 0 out of 150) was significantly 
less (p < 0.05) than after mitral valve replacement in 
both porcine (8.1%; 6 out of 74) and Starr-Edwards 
(11.2%; 21 out of 187) groups. Life-table analysis of 
late cardiac-related mortality revealed a significantly 
greater cumulative survival rate for the commis- 
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surotomy versus the Starr-Edwards groups at all 
intervals from 12 to 108 months (100 versus 84 
+ 5%, p < 0.05). No significant differences were 
noted between commissurotomy and porcine valve 
groups during the 4-year follow-up period (100 + 
0% versus 96 + 3%, p > 0.05), Based on these find- 
ings, we conclude that when the anatomy is favor- 
able, the surgical treatment of choice for isolated 
mitral stenosis is open radical mitral commis- 
surotomy. 


The past 30 years, beginning with closed mitral 
commissurotomy in the 1950s, have been asso- 
ciated with great improvement in the operative 
treatment of mitral stenosis [1-5]. Despite low 
operative mortality, the high incidence of late 
restenosis following closed commissurotomy 
has caused this approach to be viewed as a less 
than acceptable palliative procedure [6, 7]. Sub- 
sequent introduction of open mitral commis- ` 
surotomy has resulted in a reduction in opera- 
tive mortality, diminution in the frequency of 
intraoperative emboli, and a lower incidence of 
late restenosis of the valve. The distinct advan- 
tage of open commissurotomy clearly is related 
to the fact that direct intraoperative assessment 
of the result can be achieved. As a result, many 
centers, including our own, have adopted open 
mitral commissurotomy exclusively over the 
closed approach [8-15]. 

Clearly, valve repair is not always possible, 
especially in far-advanced valvular disease with 
extensive calcification and fusion of the subval- 
vular mechanism. In such instances, the only 
alternative is valve replacement with a pros- 
thetic device. Since the first mitral valve 
replacement was performed (Starr, 1960), 
substantial improvement has been achieved in 
terms of decreased operative mortality as well 
as diminished late complications secondary 
to improvements in valve durability and 
hemodynamics [16-18]. At present, three 


288 The Annals of Thoracic Surgery Vol 34 No3 September 1982 


major valve types are most commonly used: 
caged-ball mechanical, tilting-dise mechanical, 
and tissue valves. To date, no study has shown 
any significant differences in terms of survival 
or incidence of thromboemboli between these 
prosthetic devices in comparable series [19]. As 
a result, the current selection of a particular 
type of prosthesis is based not only on the indi- 
vidual surgeon’s preference, but also on factors 
such as myocardial anatomy, body surface area, 
patient age, relative risk of endocarditis, and 
the ability of the patient to safely take an- 
ticoagulants [19]. 

While the advantages of one type of pros- 
thetic device over another are controversial is- 
sues, the fact remains that there is no perfect 
prosthetic device at this time. Although the low 
operative mortality of open radical mitral com- 
missurotomy (OMC) in comparison to mitral 
valve replacement (MVR) is well established, 
the plea for earlier open commissurotomy in 
order to avoid subsequent valve replacement 
must be restated [8-15]. We have reviewed 
long-term survival, occurrence of thromboem- 
boli, endocarditis, late cardiac complications, 
or warfarin complications in similar groups of 
patients undergoing OMC or MVR at New York 
University Medical Center during a comparable 
period (1967-1979). The purpose of this study 
was to redefine the advantages of open mitral 
commissurotomy when compared to prosthetic 
valve replacement for far-advanced mitral 
stenosis. 


Methods 

Patients 

Four hundred eleven patients underwent surgi- 
cal treatment of isolated mitral stenosis at the 
New York University Medical Center from 1967 
to 1979. Patients were assigned to one of three 
groups based upon either the operative proce- 
dure performed (OMC versus MVR) or the type 
of prosthesis inserted (Starr-Edwards versus 
Hancock or Carpentier-Edwards porcine). In 
all patients, OMC or MVR was the only pro- 
cedure performed. Open radical mitral com- 
missurotomy was performed in 150 patients 
(1967-1979). Mitral valve replacement using a 
Starr-Edwards Series 6300, 6310, or 6320 pros- 
thesis (MVR-SE) was performed in 187 patients 
(1967-1975). Beginning in 1976, porcine valves 


have been used almost exclusively at our center 
for valve replacement in the mitral position, 
and since that time isolated MVR using either a 
Hancock or Carpentier-Edwards porcine valve 
(MVR-PV) was performed in 74 patients 
(1976-1979). Since the open technique of com- 
missurotomy was adopted exclusively by our 
institution in 1967 and the Starr-Edwards and 
porcine valves were used almost exclusively for 
MVR in the time periods previously stated, this 
represents more than 90% of all patients under- 
going surgical treatment of isolated mitral 
stenosis at the New York University Medical 
Center from 1967 to 1979. Twenty-seven pa- 
tients (0, OMC; 21, MVR-SE; and 6, MVR-PV) 
were excluded from long-term follow-up owing 
to operative mortality. As a result, 384 patients 


(150, OMC; 166, MVR-SE; and 68, MVR-PV) 


form the basis for this report. 

The preoperative characteristics of patients 
entering the study are shown in Table 1. The 
groups were remarkably comparable, with no 
significant differences in sex and preoperative 
New York Heart Association Class [20], or in 
the preoperative history of rheumatic fever, 
atrial fibrillation, or thromboembolic episodes. 
The MVR-PV group was slightly older when 
compared to the OMC group (54.8 versus 49.2 
years, p < 0.05), reflecting our increased ag- 
gressiveness in attempts to repair valves in 
younger patients in the later years of the study. 
In each of the three groups, more than 85% of 
the patients were in New York Heart Associa- 
tion Class II or IV at the time of operation. 


Operative Techniques and Findings 

Following median sternotomy, cardiopulmo- 

nary bypass was instituted with the pump 

oxygenator. In all patients a uniform perfusion 

technique was used, employing either a bubble 

or membrane oxygenator at a flow rate of 2.5 

liters per minute per square meter of body sur- 

face area. Mean perfusion pressures usually, 
were maintained during bypass at a level simi- 

lar to that existing beforehand. 

In patients undergoing OMC, left atriotomy 
was performed and the atrium was examined 
for the presence of thrombus. Thrombectomy 
was performed when necessary, and the left 
atrial appendage was routinely obliterated by 
oversewing it from within or by external liga- 
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Table 1. Comparison of Preoperative 
Characteristics of Patients Having Open 
Radical Mitral Commissurotomy versus 
Mitral Valve Replacement 


MVR? 

Preoperative 
Patient Starr- 
Characteristics OMC Edwards Porcine 
No. of patients 150 166 68 
Sex 

Male 25 40 12 

Female 125 126 56 
Age (yr) 

Mean 49.2 51.5 54,8» 

Range 13-73 26-70 25-77 
NYHA category 

Class I 2 3 0 

Class II 19 19 6 

Class III 99 128 37 

Class IV 30 16 25 


Mitral valve replacement was with either a Starr-Edwards 
Series 6300-6320 valve or a porcine (Carpentier-Edwards or 
Hancock) tissue valve. 

Statistical significance: p < 0.05 versus OMC. 


OMC = open radical mitral commissurctomy; MVR = mi- 
tral valve replacement; NYHA = New York Heart Associa- 
tion. 


tion when appropriate. The mitral valve was 
examined carefully and a decision was made as 
to the efficacy of commissurotomy. Commis- 
sures were incised widely to the region of the 
annulus but care was taken to avoid overcut- 
ting, which might produce regurgitation. When 
necessary, fused chordae tendineae and papil- 
lary muscles were incised and calcium was de- 
brided. 

After radical commissurotomy, the aorta was 
unclamped and aortic regurgitation was in- 
duced by inserting a multiperforated catheter 
through the aortic valve, a technique which al- 
lows the surgeon to check the competence of the 
mitral valve at this juncture of the procedure 
[14]. Mitral regurgitation, when present, was 
corrected by mitral valve annuloplasty (6 pa- 
tients). Valve competence was again assessed 
by insertion of the surgeon’s finger into the left 
atrium after aortic unclamping and defibrilla- 
tion, when the heart was in a dynamic beating 
state. ‘ 

In patients undergoing MVR, excision of the 
diseased valve was performed. The prosthesis 


then was inserted with mattress sutures of 1-0 
pledgeted Dacron suture material. The size of 
valve to be used was selected carefully in rela- 
tion to the size of the patient. Transvalvular 
gradients routinely were measured after bypass 
by needle puncture of appropriate cardiac 
areas, to be certain that major stenosis was not 
present. 

Prior to 1975, myocardial protection during 
mitral valve procedures was attained through 
the use of intermittent aortic cross-clamping 
for periods of less than 15 minutes at 25° to 
30°C. Beginning in 1975, myocardial protection 
in all procedures was achieved through the use 
of either crystalloid or blood cardioplegia as 
well as myocardial hypothermia. 


Follow-up Procedures 

In order to obtain the most recent follow-up 
data possible in this group of postoperative pa- 
tients, we employed a telephone survey in- 
volving detailed questioning of each patient 
and his or her personal physician. The survey 
was augmented by further follow-up proce- 
dures in our cardiovascular surgical clinic, 
where patients were directly seen and exam- 
ined. We previously have found this combina- 
tion of personal examination and telephone 
survey for each patient and the primary physi- 
cian to be an effective method of obtaining ac- 
curate follow-up data on large numbers of pa- 
tients [14, 21]. Complete reevaluation by our 
clinic or the primary referring physician was 
obtained in 97% of the 384 patients surviving 
the operative procedure. The mean follow-up 
interval in patients undergoing OMC was 42.8 
months (range, 4 to 116 months). The mean 
follow-up interval for patients undergoing 
MVR with the Starr-Edwards valve was 41.5 
months (range, 3 to 111 months). The mean 
follow-up period for patients undergoing MVR 
with porcine valves was 21.0 months (range, 2 
to 49 months). Follow-up for patients under- 
going OMC was completed in 1979. For patients 
undergoing MVR with a Starr-Edwards valve or 
a porcine valve, follow-up was completed in 
1977 and 1980, respectively (Table 2). 


Statistical Analysis 
All elements of data collection were subjected to 
computer analysis using the Statistical Package 
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Table 2. Follow-up Data for Patients Undergoing Open Radical Mitral 


Commissurotomy or Mitral Valve Replacement 





MVR? 

Data OMC Starr-Edwards Porcine 
No. of patients 150 187 74 
Year of operation 1967—1978 1967-1975 1976-1979 
Year of follow-up 1979 1977 1980 ` 
% of patients followed 97 97 97 
Duration of follow-up (mo) 

Mean 42.8 41.5 21.0 

Range 4-116 3-111 2-49 
Operative deaths (excluded from study) 0 21° 6° 


Mitral valve replacement was with either a Starr-Edwards Series 6300-6320 valve or a porcine (Carpentier-Edwards or 


Hancock) tissue valve. 


Statistical significance: "p < 0.02 versus OMC;  < 0.001 versus OMC. 
OMC = open radical mitral commissurotomy; MVR = mitral valve replacement. 


for the Social Sciences [22]. For both MVR 
groups, statistical significance was determined 
by comparison to results of OMC, with a p 
value of less than 0.05 considered significant. 
All preoperative data except age were compared 
by chi-square analysis. The significance of dif- 
ferences in age was determined by the Student t 
test. The incidence of each postoperative com- 
plication was determined actuarially through use 
of the life-table method [23]. Actuarial inci- 
dence curves were constructed, from which the 
yearly incidence of late complications was cal- 
culated. Significance was determined by the 
comparison of results using the confidence 
interval test [24]. The results found at termina- 
tion of follow-up in each valve replacement 
group (MVR-PV, 48 months; MVR-SE, 108 
months) were compared to results obtained at 
the corresponding follow-up intervals in pa- 
tients undergoing OMC. Statistical comparisons 
of changes in postoperative symptomatic status 
following OMC or MVR were made by chi- 
square analysis. 


Results 


Operative Mortality 

There were no operative deaths in patients un- 
dergoing OMC. Despite the similarity of the 
three groups based on preoperative clinical 
characteristics (see Table 1), MVR using either a 
prosthetic or a tissue valve resulted in a sig- 


nificantly higher incidence of operative mortal- 
ity. Twenty-one patients (11.2%) undergoing 
MVR with a Starr-Edwards prosthesis died (p 
< 0.02 versus OMC). Although operative mor- 
tality following MVR with porcine valves was 
somewhat lower (6 patients, 8.0%), operative 
mortality in this group was significantly greater 
(p < 0.001) when compared to OMC. There 
were no significant differences in operative 
mortality when the MVR-SE and MVR-PV 
groups were compared. 

Although the overall operative mortality for 
MVE-SE patients appears particularly high, it 
must be pointed out that MVR procedures done 
early in the period of this study resulted in an- 
nual operative mortality rates of up to 17.8% 
(1967). In subsequent years, operative mortality 
steadily decreased to a rate of 6.9% (1975) in 
patients undergoing MVR-SE. 


Postoperative Complications 

The postoperative events considered as compli- 
cations included: congestive heart failure, need 
for reoperation, endocarditis, thromboembolic 
complications, warfarin complications, and late 
cardiac mortality (Table 3). Patients in whom 
none of those complications occurred post- 
operatively were considered to have a com- 
plication-free survival. A separate analysis of 
postoperative symptomatic status also was 
carried out for all three groups. 
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Table 3. Yearly Incidence of Postoperative Complications Based upon Actuarial Analysis: 
Open Radical Mitral Commissurotomy versus Mitral Valve Replacement? 





Postoperative Complication OMC 
Congestive heart failure 1.92 
Need for reoperation 0 
Endocarditis 0 
Thromboemboli 0.66 
Warfarin complications 0 
Late cardiac mortality 0 

All complications 2.48 








MVR? 
Starr-Edwards Porcine 
5.13 0.88 
1.00 0 
0.72¢ 0 
2.29€ 5.75€ 
5.59¢ 0.88 
2.90° 1.00 
9.00¢ 7.08° 


"Incidence was calculated as percent of patients per year of follow-up. 
>Mitral valve replacement was with either a Starr-Edwards Series 6300-6320 valve or a porcine (Carpentier-Edwards or 


Hancock) tissue valve. 
°Statistical significance: p < 0.05 versus OMC. 


OMC = open radical mitral commissurotomy; MVR = mitral valve replacement. 


CONGESTIVE HEART FAILURE. The incidence 
of any episode of congestive heart failure re- 
quiring hospitalization for the OMC, MVR-SE, 
and MVR-PV groups was 1.92%, 5.13%, and 
0.88% per year, respectively (Table 3). There 
were no significant differences (p > 0.05) in the 
actuarial incidence of congestive heart failure in 
either of the MVR groups when compared to 
OMC. 

NEED FOR REOPERATION OR SUBSEQUENT MI- 
TRAL VALVE REPLACEMENT. Actuarial analysis 
of the need for subsequent reoperation or MVR 
following OMC, MVR-SE, or MVR-PV revealed 
excellent durability of the operation for all three 
groups throughout their respective follow-up 
periods. The yearly incidence of subsequent 
reoperation or MVR in patients undergoing 
OMC was 0%. The incidences of reoperation in 
the MVR-SE and MVR-PV groups were 1.0% 
per year (p > 0.05 versus OMC) and 0% per 
year (p > 0.05 versus OMC), respectively (Table 3). 

ENDOCARDITIS. There were no cases of en- 
docarditis in the postoperative course in either 
the OMC or MVR-PV (p > 0.05 versus OMC) 
group. In contrast, 6 cases of culture-proved 
endocarditis occurred in the MVR-SE group 
postoperatively. This represents a yearly inci- 
dence of 0.72% (p < 0.05 versus OMC) (Table 
3). | 

THROMBOEMBOLI. The actuarial curve for 
thromboembolic complications is shown in 
Figure 1. At 48 months of follow-up, 97.2% of 


patients in the OMC group were free from 
any thromboembolic complications. After 108 
months of follow-up, 94.0 + 0% of patients in 
the OMC group continued to be free of all 
thromboembolic complications. In patients un- 
dergoing MVR-PV, only 77.0 + 0% (p < 0.05 
versus OMC) were free of thromboembolic 
complications at the end of 48 months of 
follow-up, with 79.4 + 4.9% of patients under- 
going MVR-SE (p < 0.05 versus OMC) free 
of thromboembolic complications after 108 
months. The yearly incidence of thromboem- 
bolic complications for each group is seen in 
Table 3. 

Left atrial thrombus was found in a surpris- 
ingly high number of patients at the time of op- 
eration, with the incidence ranging from 20 to 
29% in each of the three groups. Thirty patients 
undergoing OMC and 65 undergoing MVR (45 
patients, MVR-SE; p > 0.05 versus OMC; 20 
patients, MVR-PV; p > 0.05 versus OMC) were 
found to have left atrial thrombus at the time of 
operation. 

ANTICOAGULATION COMPLICATIONS. The ac- 
tuarial curve for warfarin-related complica- 
tions is seen in Figure 2. Owing to the need for 
long-term anticoagulation therapy in patients 
receiving Starr-Edwards mitral valve pros- 
theses, significantly fewer patients (50%) were 
free of anticoagulation complications at 108 
months (p < 0.05 versus OMC). In both the 
OMC and MVR-PV groups, only those patients 
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Fig 2. Actuarial curve of warfarin complications: open 
radical mitral commissurotomy (OMC) versus mitral 
valve replacement with a Starr-Edwards (Series 6300- 
6320) valve or a porcine (Carpentier-Edwards or Han- 
cock) tissue valve. (SEM = standard error of the mean.) 


exhibiting chronic atrial fibrillation, previous 
postoperative thromboembolic events, persis- 
tently large left atrium, or presence of in- 
traoperative atrial thrombus were placed on 
long-term anticoagulation therapy. Patients 
who underwent MVR with porcine valves 
routinely were placed on warfarin for 2 months 
postoperatively, with routine long-term ad- 
ministration of aspirin or dipyridamole (Per- 
santine) thereafter. Warfarin-related complica- 
tions in these groups were almost nonexistent 
and did not differ statistically (p > 0.05, MVR-PV 
versus OMC). The yearly incidence of warfarin- 
related complications is seen in Table 3. 
THROMBOEMBOLIC AND WAREARIN COMPLICA- 
TIONS. Actuarial analysis of combined throm- 
boembolic and warfarin-related complications 
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Fig 3.. Actuarial curve of combined thromboembolic and 
warfarin complications including deaths related to each 
complication: open radical mitral commissurotomy 
(OMC) versus mitral valve replacement with a Starr- 
Edwards (Series 6300-6320) valve or a porcine 
(Carpentier-Edwards or Hancock) tissue valve. (SEM = 
standard error of the mean.) 
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Fig 4. Actuarial curve of cumulative survival (operative 
deaths excluded): open radical mitral commissurotomy 
(OMC) versus mitral valve replacement with a Starr- 
Edwards (Series 6300-6320) valve or a porcine 
(Carpentier-Edwards or Hancock) tissue valve. (SEM = 
standard error of the mean.) 


(including related deaths) revealed striking 
differences among the three groups (Fig 3). Of 
patients undergoing OMC, 97 + 1.5% were free 
of all thromboembolic and warfarin complica- 
tions at 48 months, with 94.0 + 3.5% of all 
OMC -patients remaining free of these compli- 
cations at 108 months. After 48 months, only 
74.4 + 9.1% of MVR-PV patients (p < 0.05 ver- 
sus OMC) were free of any thromboembolic 
and warfarin complications. Following MVR- 
SE, only 35.5 + 8.7% of patients were free of 
any thromboembolic and warfarin complica- 
tions (p < 0.05 versus OMC) at 108 months. The 
incidence of combined thromboembolic and 
warfarin complications in the OMC, MVR-SE, 
and MVR-PV groups was 0.66%, 6.40%, and 
7.17% per year, respectively. 
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LATE MORTALITY. There were no late cardiac 
deaths in patients undergoing OMC. In con- 
trast, 18 patients undergoing MVR-SE and 2 
undergoing MVR-PV died in the postoperative 
period owing to cardiac causes. Actuarial 
curves of cumulative survival rate can be seen 
in Figure 4. Survival following OMC was 100% 
at all intervals. After 48 months of follow-up, 
cumulative survival following MVR-PV was 96 
+ 3% (p > 0.05 versus OMC). After 108 months 
of follow-up, the cumulative survival rate in 
MVR-SE patients was 83.9 + 5.5% (p < 0.05 
versus OMC). The yearly incidence of late 
cardiac-related mortality can be seen in Table 3. 

COMPLICATION-FREE SURVIVAL. All patients 
free of any postoperative complications (opera- 
tive deaths excluded) were considered to have 
had a complication-free survival. Actuarial 
curves of complication-free survival are shown 
in Figure 5. In patients undergoing OMC, 87.0 
+ 3.5% were free of any complications in the 
postoperative period after 48 months, with 77.7 
+ 6.4% remaining free of all complications after 
108 months. After 48 months of follow-up, only 
71.7 + 9% of patients in the MVR-PV group 
(p > 0.05 versus OMC) were free of all post- 
operative complications. After 108 months of 
follow-up, only 19.0 + 8.6% of all patients un- 
dergoing MVR-SE were free of complications (p 
< 0.05 versus OMC). The yearly incidence of all 
postoperative complications is shown in Table 3. 

EVALUATION OF POSTOPERATIVE STATUS. Eval- 
uation of postoperative symptomatic sta- 
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Fig 5. Actuarial curve of complication-free survival 
(operative deaths excluded): open radical commis- 
surotomy (OMC) versus mitral valve replacement with 
a Starr-Edwards (Series 6300-6320) valve or a porcine 
(Carpentier-Edwards or Hancock) tissue valve. (SEM = 
standard error of the mean.) 


tus was determined by detailed questioning 
of the patient and his or her personal phy- 
sician as well as direct examination by the phy- 
sician to determine postoperative New York 
Heart Association Functional Class. Results 
for all groups are given in Table 4. As is 
shown, 88.7% of patients undergoing OMC 
were improved at follow-up, while only 56.6% 
and 77.9% of patients were improved after 
MVR-SE (p < 0.001 versus OMC) and 
MVR-PV (p > 0.05 versus OMC), respectively. 
Only 1 patient undergoing OMC was worse at 
follow-up. In contrast, 20.5% of patients un- 
dergoing MVR-SE showed deterioration of 
symptomatic status at follow-up (p < 0.005 ver- 
sus OMC). Information concerning changes in 


Table 4. Comparison of Postoperative Symptomatic Status: Open Radical Mitral 


Commissuratomy versus Mitral Value Replacement 


Postoperative Status 


at Follow-up OMC (% of patients) 


Improved 88.7 (133 out of 150) 
Stable 10.7 (16 out of 150) 
Worse 0.7 (1 out of 150) 


MVR? (% of patients) 





Starr-Edwards 


56.6> 

(94 out of 166) 
22,98 

(38 out of 166) 
20.5% 

(34 out of 166) 


Porcine 


77.9% 

(53 out of 68) 
19.1 

(13 out of 68) 
2.9 

(2 out of 68) 


aMitral valve replacement was with either a Starr-Edwards Series 6300-6320 valve or a porcine (Carpentier-Edwards or 


Hancock) tissue valve. 


Statistical significance: "p < 0.0005 versus OMC; €p < 0.05 versus OMC; “p < 0.005 versus OMC. 
OMC = open radical mitral commissurotomy; MVR = mitral valve replacement. 
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Fig 6. Change in New York Heart Association (NYHA) 
Functional Class following open radical mitral commis- 
surotomy. 


New York Heart Association Class following 
OMC is provided in Figure 6. Only 1 patient ex- 
hibited worsening of New York Heart Associa- 
tion classification postoperatively. Although 
more than 85% of patients were in New York 
Heart Association Class III or IV preoperatively, 
greater than 90% had achieved Class I or Il 
status postoperatively. Almost 60% of the pa- 
tients (88 of 150) improved by two or more New 
York Heart Association classes, with improve- 
ment by at least one class occurring in 133 of 150 
patients following OMC. 


Comment 

Poor results following valve replacement for 
mitral stenosis have previously been equated 
with the degree of underlying heart disease or 
delayed surgical intervention rather than with 
the particular type of prosthesis inserted [17]. 
However, this study clearly shows that in pa- 
tients with similar degrees of cardiac disability, 
performance of OMC significantly decreases 
the incidence of serious postoperative compli- 
cations while offering excellent long-term 
hemodynamic performance and durability. The 
performance of additional cardiac procedures in 
conjunction with commissurotomy has been 
shown to have no adverse effect on the opera- 
tive or late mortality rates or on the incidence 
of postoperative complications [14]. 

The present study confirms previous work 
demonstrating the excellent long-term durabil- 
ity of open commissurotomy [8-15]. Gross and 
colleagues [14] have shown that technical errors 
at the time of operation which result in a re- 


sidual mitral valve gradient of greater than 3 
mm Hg or in mitral regurgitation correlate sig- 
nificantly with the need for subsequent valve 
replacement. In addition, factors including age, 
prior operation, valvular calcification, or the 
performance of additional procedures at the 
time of commissurotomy have been shown to 
have no effect on the need for subsequent valve 
replacement [14, 15]. Valvular restenosis, occur- 
ring after 10 years in as many as 60 to 70% of 
patients undergoing closed mitral commis- 
surotomy, has resulted in substantially higher 
rates of reoperation in those patients [1, 2, 6, 25, 
26]. Such restenosis following closed commis- 
surotomy may be secondary to untreated sub- 
valvular stenosis and fusion of the chordae 
[27-30]. A high incidence of restenosis follow- 
ing open commissurotomy has not been re- 
ported [8-15]. In fact, splitting dissection of 
fused chordae tendineae and papillary muscles 
has been reported to be required in more than 
60% of patients undergoing open commis- 
surotomy [15]. Therefore, it would appear that 
the issue of which is the best mode of valve re- 
pair, closed versus open commissurotomy, has 
been settled in favor of the open approach. 

An issue which has not been so clearly re- 
solved is whether a patient at a given stage in 
the spectrum of rheumatic mitral stenosis is 
better treated by commissurotomy or by valve 
replacement with a prosthetic device. Cer- 
tainly, prosthetic implantation currently is a 
more frequent method of treatment for mitral 
stenosis than is commissurotomy. This may, in 
part, reflect the lack of experience or interest on 
the part of the surgeon to carefully examine the 
mitral valve anatomy and make an earnest effort 
to repair, rather than replace, the valve, The 
findings illustrated by this survey appear to in- 
dicate that valve repair rather than replacement 
should be the method of choice for mitral 
stenosis whenever possible. The data clearly 
demonstrate excellent long-term survival of pa- 
tients after mitral commissurotomy for follow- 
up periods of as long as 10 years. These ex- 
cellent survival statistics are far superior to 
those observed in groups of patients undergo- 
ing valve replacement, followed up for compa- 
rable periods of time. The operative mortality 
rate folowing open commissurotomy unques- 


a 
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tionably is statistically much better than that 
observed after valve replacement. In fact, as il- 
lustrated, there have been no deaths following 
mitral commissurotomy at our institution since 
the series began in 1967. 

The ever-present threat of thromboembolic 
and warfarin-related complications in these 
patients makes valve replacement a less 
desirable option in the treatment of mitral 
stenosis when compared to results observed 
following commissurotomy. This is borne out 
by the significant difference in this series be- 
tween the incidence of thromboembolic and 
warfarin complications following valve re- 
placement (6 to 7% per year) and the incidence 
following OMC (0.66% per year). Endocarditis 
does not appear to be a matter of concern fol- 
lowing open commissurotomy, assuming that 
the usual prophylactic measures are taken if 
systemic infection and the like occur. A sig- 
nificant incidence (0.72% per year) of endocar- 
ditis followed valve replacement with a Starr- 
Edwards prosthesis in this series, however, 
whereas the same observation was not made in 
the shorter follow-up period after porcine valve 
implantation. 

In general, OMC appears to result in a sig- 
nificantly improved overall complication- 
free survival rate, to the extent that failure 
to ' perform commissurotomy whenever ana- 
tomically possible seems to result in a yearly 
incidence of postoperative complications in 
the range of two to three times that observed 
following valve repair. Furthermore, the data 
accumulated in this series support the view that 
adequate open commissurotomy results in 
long-term valvular durability and normal 
hemodynamics comparable to that achieved 
with currently available tissue or mechanical 
prosthetic devices. 


Conclusions 

The insidious and slowly progressive nature of 
stenotic mitral valve disease in the absence of 
ventricular dysfunction and clinical symp- 
tomatology invites continued medical therapy, 
despite the ultimate development of major 
long-term sequelae of the disease. Eventually, 
operation usually is required. Unfortunately, 
when operation is performed, prosthetic re- 


placement often is necessary, atrial fibrillation 
often remains permanent, and thromboembolic 
complications may ensue. Early OMC resulting 
in a decrease in the turbulent flow of blood 
should prevent changes in the valvular and 
subvalyular mechanism which ultimately ne- 
cessitate valve replacement rather than repair 
[10]. Our knowledge of valvular anatomy has 
improved and advances in myocardial preserva- 
tion have progressed to the point that operation 
should be considered at a much earlier stage 
than previously was thought to be appropriate. 
Current data support our previously proposed 
concept that open commissurotomy should be 
performed almost routinely in a patient with 
few symptoms, a small gradient at catheteriza- 
tion, and a calculated cross-sectional valve area 
of less than 1.3 to 1.5 cm? [10]. Earlier opera- 
tion, by eliminating the transvalvular gradient 
and opening the valve as much as possible 
without producing insufficiency, may prevent 
progressive fibrosis which results from the tur- 
bulent flow of blood and thus may obviate the 
need for subsequent MVR. Such early surgical 
intervention also should prevent the serious 
secondary changes that inevitably develop 
with advancing disease: left atrial hypertrophy, 
atrial fibrillation, pulmonary hypertension, 
tricuspid insufficiency, and the risk of throm- 
boembolism from clot accumulating in the fi- 
brillating appendage. 
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Discussion 

DR. DONALD P. ELLIOTT (Denver, CO): I congratulate 
the authors and the program committee for bringing 
this continuing controversy before this audience. 
Two years ago we presented our experience with 222 ` 
consecutive patients operated on for isolated mitral 
stenosis, in which open commissurotomy was per- 
formed in 197 instances. Eighty-nine additional pa- 
tients have been added to that group, and our com- 
missurotomy rate for isolated stenosis remains high 
at 83%. This is a significant difference from the re- 
sults you have seen presented, and I would like to 
ask the authors if, after reviewing their experience, 
they are planning to increase the percentage rate at 
which open commissurotomy is performed. 

The late replacement rate in our experience re- 
mains low, less than 10%; which is considerably 
higher than the 0% rate reported in this paper and 
may reflect our longer follow-up period and also the 
application of this procedure to some cases of ad- 
vanced disease. We continue, however, in our firm 
belief that the majority of patients coming to oper- 
ation for isolated mitral stenosis are best treated 
by open commissurotomy rather than valve re- 
placement, for the reasons documented by Dr. 
Laschinger—namely, the lower operative mortality 
rate, lower thromboembolic complication rate, ab- 
sence of anticoagulation therapy complications, and 
the durability of the opened stenotic valve with an 
acceptable rate of late reoperation for valve replace- 
ment. 

I would like to emphasize some technical points. 
We think that it is important not only to open the 
valve adequately at the annular level but also to free 
up the subvalvular structures. After opening the 
valve and freeing the chordae by incising into the 
papillary muscles, we assess the adequacy of the 
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opening with valve sizers. We like tc open the mitral 
valve to 23 mm in a full-size adult patient. 

We think it is important to test the competence of 
the valve at the time of operation, and we use the 
technique Sterling Edwards described a number of 
years ago of distorting the aortic root to produce 
temporary aortic valvular incompetence, allowing 
the cold perfusate to distend the left ventricle. We ask 
the perfusionist to cool the blood to 20°C for this ma- 
neuver so that the heart does not beat. The regurgi- 
tant flow through the mitral valve, if present, can be 
assessed. Small leaks usually can be controlled with 
simple annuloplasty and the valve retested for com- 
petence. 


DR. MANUEL J. IRARRAZAVAL (Santiago, Chile): I con- 
gratulate Dr. Laschinger and his group for this very 
elegant presentation, which points out that natural 
valves usually are better, safer, and certainly cheaper 
than artificial prostheses. As long as we do not have a 
perfect prosthesis, we may as well try to keep the 
natural wall in place. 

In Chile we deal with a very young population 
with predominantly rheumatic valvular disease. In 
the period between 1964 and 1980 we performed 
1,059 procedures for mitral valve disease. Five 
hundred of those were open mitral commissurot- 
omies. 

Whenever we treat a patient with mitral stenosis, 
we do our best to keep the valve in place. In no more 
than 10 to 15% of those patients do we have to re- 
place a valve. That happens when patients come back 
for reoperation 10 years after their original proce- 
dure, when they have a very fibrotic subvalvular ap- 
paratus, or when they have ulcerative calcifications 
in the leaflets, predominantly in the older population 
and in males. 

I want to stress the point that the technique is dif- 
ficult. Usually it is much easier to replace the valve. 
In our experience, we found that good exposure and 
patience on the part of the surgical team are required 
to do these procedures. 

I would like to ask the authors about the conve- 
nience of calling this procedure radical, when we are 
in fact just performing a properly done open mitral 
valvuloplasty for mitral stenosis. I also would like 
to know what their reason was for replacing those 
valves in mitral stenosis. 


DR. DANIEL J. ULLYOT (San Francisco, CA): There 
are very few reports on the late follow-up of patients 
undergoing OMC, in contrast to the abundance of 
data on patients having closed commissurotomy or 
MVR. For this reason we are indebted to Dr. Laschinger 
and his colleagues for sharing their experience with 
us. 

We recently reviewed our experience with OMC at 
the University of California, San Francisco. One 
hundred eight patients were followed for an average 


of 6.5 years over the period 1965 to 1979. Our conclu- 
sions with respect to low operative mortality, low 
rates of thromboembolic complications and the need 
for subsequent operation, and excellent long-term 
survival are strongly supportive of Dr. Laschinger’s 
findings. For example, the 15-year cumulative survi- 
val rate, including deaths from all causes, was 89% in 
our series. Twenty patients required reoperation on 
the mitral valve during the 15-year follow-up period, 
for a cumulative reoperation-free rate of 75% at 15 
years. In the small subset of patients requiring reop- 
eration, the mean interval between open commis- 
surotomy and reoperation was 6.5 years, ranging 
from 14 days to 14 years. 

One discrepancy I found between our experience 
and the authors’ was in the proportion of patients 
who were able to undergo open commissurotomy 
rather than valve replacement. In our series, 88% of 
patients operated on for isolated mitral stenosis had 
commissurotomy, compared to only 37% in the au- 
thors’ series. Perhaps this is explained by the pre- 
dominance of relatively young women in our series. 
Nonetheless, I wonder if Dr. Laschinger would 
comment on what operative findings or other factors 
in their approach would argue against attempted, if 
not actual, valvuloplasty in pure mitral stenosis. 


DR. BENSON B. ROE (San Francisco, CA): You have 
just heard from Dr. Ullyot that nearly nine-tenths of 
our patients with pure mitral stenosis were success- 
fully dealt with by an open valvuloplasty. I wish we 
would stop talking about “mitral commissurotomy,”” 
because you cannot do an adequate operation by just 
slitting the commissures. The subvalvular structures 
must be exposed and carefully dissected into their 
separate anterior and posterior aspects. The entire 
valvular structure must be mobilized. It should be 
called valvuloplasty, because it is not limited to the 
commissures. 

Finally, I would implore you to classify the results 
of your work in a manner that reflects the true result. 
Shoving an obturator into the resultant opening 
through stiff tissues does not represent the effective 
orifice produced by the diastolic pressure head that 
opens the valve. We classify as an “A” result a valve 
which falls fully open in the relaxed state. A “B” re- 
sult is when the valve can be pushed wide open but 
does not fall open readily, and a “C” result is a per- 
sistently impaired orifice. 


UNIDENTIFIED: Regarding the porcine thrombo- 
embolism, were any of those valves anticoagu- 
lated, and was the atrial appendange ligated at the 
time of operation? 


DR. HASSAN NAJAFI (Chicago, IL): I have a ques- 
tion related to the feasibility of a second or third mi- 
tral commissurotomy and a comment regarding the 
11% mortality in patients with isolated mitral 
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stenosis undergoing valve replacement using a 
Starr-Edwards prosthesis. The authors’ series in- 
cluded patients operated on many years before the 
use of porcine valves. The method of myocardial 
preservation has changed greatly, and I would like to 
think that we currently can perform MVR using a 
Starr valve with a much lower mortality. This is 
borne out in our own experience. We have felt a re- 
surgence of enthusiasm for using Starr valves, and 
the last time I reviewed our experience, our mortality 
was lower than 5%. 


DR. LASCHINGER: I thank all the discussants for 
their kind and insightful comments. 

Dr. Elliott, we congratulate you on your excellent 
results with open commissurotomy. It is true that we 
have done open commissurotomy on only about 
40% of our patients. As a result of our previously 
documented experience with commissurotomy, we 
now are greatly increasing the number of patients 
having commissurotomies. 

Dr. Elliott’s slides reflected our surgical approach 
to the valvular structures and also demonstrated the 
importance of freeing up subvalvular structures in 
the course of the operative procedure. We too test 
valvular competence. However, we do it in a slightly 
` different fashion, using a multiperforated catheter 
that is placed across the aortic valve while the heart is 
arrested, thus causing aortic insufficiency. The com- 
petence of the mitral valve is tested again while the 
heart is in a dynamic, beating state by placing a 
finger into the atrium. We also consider it important 
to check gradients, and we have found that a mitral 
valve gradient of greater than 3 mm Hg following 
OMC at the time of operation indicates a poor prog- 
nosis. 

We certainly agree with Dr. Irarrazaval on the im- 
portance of salvaging as many valves as possible, and 
on his comments about the need for approaching 
subvalvular structures as part of the procedure. This 
is the reason we use the term radical commissurotomy 
rather than just open mitral commissurotomy, to stress 
the need to free up subvalvular structures as part of 
the surgical procedure. 

Our indications for MVR are severe calcification 
and fusion of the valvular or subvalvular structures 


which make a good surgical result impossible. Poor 
results are indicated by the presence of mitral insuffi- 
ciency that cannot be corrected by annuloplasty at 
the time of the procedure, and also a residual gra- 
dient, as I mentioned, of greater than 3 mm Hg. 

We also congratulate Dr. Ullyot’s group at San 
Francisco for their excellent results with open com- 
missurotomy. In Dr. Ullyot’s experience, similar to 
Dr. Elliott’s, 88% of the patients were able to have 
open commissurotomy, and this suggests to us that 
we should be more vigorous in the performance of 
this procedure. As I previously stated to Dr. Irar- 
razaval, our indications for replacement are severe 
calcification and fusion, mitral insufficiency, and re- 
sidual gradient. 

The importance of educating cardiologists about 
the need for early commissurotomy cannot be over- 
stated, as it is in these patients that we might hope to 
obtain the best results. 

Dr. Roe, we completely agree with your comments. 
We use the term radical to emphasize the need for 
surgical correction of subvalvular fusion and calcifi- 
cation at the time of commissurotomy. We agree that 
evaluation of surgical results should include the 
evaluation of valve size at the time of operation. 

Our anticoagulation regimen for porcine valves is 
as follows: We anticoagulate all porcine valves for the 
first 2 months following surgery. After that time only 
patients with atrial fibrillation, atrial thrombus at the 
time of surgery, or persistence of a large left atrium 
are given long-term anticoagulant therapy. After 
termination of anticoagulation treatment, the pa- 
tients are placed on either long-term aspirin or Per- 
santine therapy. i 

Dr, Najafi asked about the feasibility of a second or 
third mitral commissurotomy. Although data are not 
available from our group, Dr. Elliott has shown that a 
second commissurotomy can be performed in two- 
thirds of the patients with previous commis- 
surotomies. We agree with Dr. Najafi about the high 
incidence of operative mortality in the earlier group 
of Starr-Edwards valve replacements. It must be 
noted that our. valve replacement experience dates 
back to 1967, a year in which the operative mortality 
for MVR at New York University was 17.8%. In the 
last year of the study, 1975, the mortality was 6.9%. 
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ABSTRACT Paraplegia remains a devastating and 
unpredictable complication of ‘surgical procedures 
requiring temporary « occlusion. of the thoracic aorta, 
interruption of important spinal radicular vessels, or 
both. Intraoperative monitoring of the physiological 
integrity of the spinal cord should permit the early 
detection of spinal cord ischemia, the judicious and 
timely institution of corrective measures, including 
bypass or shunting, and the preservation of impor- 
tant intercostal arteries in appropriate circumstances. 
A model of spinal cord ischemia was created by tem- 
porary proximal arid distal occlusion of the canine 
thoracic aorta. Serial measurement of somatosensory 
cortical evoked potentials (SCEP) generated by 
peripheral nerve stimulation, reflecting the status of 
long-tract neural conduction, was used to monitor 
alterations in spinal cord function during ischemia. 
Twelve animals subjected to aortic occlusion dem- 
onstrated a characteristic time-related deterioration 
of the SCEP with virtual extinction of the signal at a 
mean interval (+ standard error of the mean) of 12.4 
+ 1.5 minutes. Six animals in which reperfusion was 
established immediately following the loss of the 
SCEP (Group 1) demonstrated complete recovery 
without neurological sequelae, as assessed by clini- 
cal and histological criteria. In 6 animals (Group 2), 
the period of aortic occlusion was extended for an 
additional 15 minutes following loss of the SCEP 
(27.3 + 2.3 minutes); postoperatively, 4 of 6 animals 
sustained major neurological lesions characterized 
by spastic paraplegia and histological evidence of 
spinal cord infarction (Group 1 versus Group 2, p < 
0.05). 
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We conclude that distinctive alterations in the 
SCEP are indicative of reversible ischemic spinal 
cord dysfunction. On-line monitoring of spinal cord 
function using the technique of SCEP provides a ra- 
tional basis for determining operative strategy dur- 
ing surgical procedures on the thoracic aorta. 


Perioperative spinal cord infarction continues 
to occur with disturbing frequency following 
resection of thoracic aortic aneurysms. The re- 
ported incidence of paraplegia complicating the 
surgical repair of acute traumatic injury to the 
thoracic aorta ranges from 0 to 23% [1-6]. 
Moreover, ischemic spinal cord injury remains 
a major hazard following any procedure in- 
volving temporary aortic occlusion or the inter- 
ruption of important radicular vessels, or both 
(7, 8]. 

The intraoperative recognition of spinal cord 
ischemia during periods of aortic occlusion 
would identify the need for specific technical 
adjuncts designed to circumvent the develop- 
ment of irreversible neurological injury. The 
technique of measuring the cortical evoked re- 
sponse generated by peripheral nerve stimula- 
tion using signal enhancement techniques has 
been successfully applied clinically as a means 
of monitoring the functional integrity of the 
spinal cord during orthopedic procedures in- 
volving mechanical distraction of the spine. In 
the present study, we investigated the concept 
that measurement of the somatosensory cortical 
evoked potential (SCEP), reflecting the fidelity 
of neural transmission in the spinal cord, could 
be exploited as a means of detecting ischemic 
spinal cord dysfunction during periods of aortic 
occlusion. 

With regard to the clinical utility of evoked 
response monitoring in the context of surgical 
procedures on the thoracic aorta, it would be 
critically important to determine if distinctive 
alterations in this electrophysiological prop- 
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erty induced by spinal cord ischemia precede 
the development of irreversible neurological 
injury. Under these circumstances, direct as- 
sessment of the functional integrity of the 
spinal cord provided by intraoperative SCEP 
monitoring should allow the opportunity for 
early detection and reversal of ischemic spinal 
cord injury during surgical procedures on the 
thoracic aorta. 


Material and Methods 


Experimental Preparation 

Experiments were performed on 12 adult mon- 
grel dogs (22 to 30 kg). Following induction 
with sodium pentobarbital (25 mg per kilogram 
of body weight) and endotracheal intubation, 
anesthesia was maintained with enflurane (0.75 
to 1.0%). Under sterile operating conditions, a 
left sixth interspace skin incision with a double 
intercostal incision through the fourth and 
eighth intercostal spaces provided access to 
both the proximal and distal regions of the de- 
scending thoracic aorta. 

The induction of spinal cord ischemia was ac- 
complished by temporary occlusion of the 
proximal thoracic aorta, the left subclavian ar- 
tery, and the distal thoracic aorta at the level of 
the diaphragmatic hiatus (Fig 1). This method 
of aortic occlusion creates a reduction in spinal 
cord blood flow which consistently results in 
- spinal cord infarction if maintained for a 30- 
minute period at normothermia [9]. Heparin 
sulfate (1 mg/kg) was administered prior to aor- 
tic occlusion and was reversed with protamine 
sulfate (1 mg/kg) following release of the vascu- 
lar clamps. 


Recording of the SCEP 

SCEPs were generated by electrical stimulation 
of the sciatic nerve and ‘recorded with elec- 
troencephalographic (EEG) scalp electrodes po- 
sitioned over the primary somaesthetic projec- 
tion of the contralateral hemisphere (Fig 2). 
Following exposure of the sciatic nerve in the 
left popliteal fossa, bipolar stimulation* was 
performed using two J-shaped electrodes 
applied directly around the nerve at an inter- 


*Grass Model SD, stimulator, Grass Instruments, Quincy, 
MA 02169 





Fig 1. Method used to accomplish temporary aortic oc- 
clusion, showing placement of the vascular clamps on 
the proximal descending thoracic aorta, the left sub- 
clavian artery, and the distal thoracic aorta at the level 
of the diaphragmatic hiatus. 


polar distance of 1 cm. Repetitive stimuli (N = 
100 to 150) using a 10 V square-wave stimulus 
of 5 msec duration at a frequency of 1.2 Hz elic- 
ited a consistent pattern of SCEPs. 

The evoked electrical potentials were re- 
corded with a single parasagittal vertex elec- 
trode referenced to the inion. The signal was 
led to a single-ended, ac-coupled EEG pre- 
amplifier,* which was interfaced with a com- 
puterized signal averager.t The latter unit 
further amplified and filtered the signal using a 
bandpass filter nominally set at 1 to 3,000 Hz 
prior to processing. The digitizing rate of the 
signal averager permitted acquisition of 256 
data points during the poststimulus analysis 
period of 400 to 500 msec corresponding to a 
temporal resolution of 1.56 to 1.95 msec dwell 
time per point. A poststimulus analysis time 
of 400 to 500 msec allowed recording of both the 
short-latency (primary) and long-latency (sec- 
ondary and tertiary) components of the cortical 
evoked response. 

The signal averaging process permitted ex- 
traction of the low-level signal from the back- 
ground EEG and random electrical noise by 


*Grass Model 79 amplifier. 
tNicolet Model CA-1000 signal averager, Nicolet Biomedical 
Instruments, Madison, WI 53711. 
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Fig 2. The technique used for recording somatosensory 
cortical evoked potentials. (See text for explanation.) 


summing repeated sweeps of data that were 
time-locked to the stimulus pulse. A trigger 
signal from the pulse generator, initiated with 
each pulse, synchronized acquisition of the 
SCEP by the averaging computer. The compos- 
ite signal was permanently recorded from the 
oscilloscopic display of the signal averager by 
means of a Polaroid camera. The peak-to-peak 
amplitude and latency of the primary and sec- 
ondary components of the evoked response 
were measured with a calibrated cursor on the 
computer oscilloscope or directly from the 
photographed recording. 


Experimental Protocol 

Superimposition of two independently col- 
lected averages confirmed the integrity of the 
SCEP prior to aortic occlusion in each experi- 
ment. Measurement of the SCEP was repeated 
at 3-minute intervals during the period of aortic 
occlusion beginning 1 minute following the 
onset of occlusion, and at 5, 15, and 30 minutes 
following release of the clamps (reperfusion). 
Approximately 2 to 2.5 minutes, measured from 
the start of each time interval, were required to 
generate each summated recording. 

The duration of aortic occlusion was deter- 
mined in each experiment by the results from 
on-line recording of the SCEP. In Group 1 (6 
animals), aortic occlusion was maintained until 
substantial attenuation was evident in both the 
primary and secondary components of the 
evoked response, after which reperfusion was 


immediately established. For purposes of anal- 
ysis, a 50% or greater reduction in the peak- 
to-peak amplitude of the primary or secondary 
component of the evoked response was consid- 
ered indicative of substantial attenuation (or 
loss) of the corresponding signal. In Group 2 (6 
animals), the period of aortic occlusion was ex- 
tended for an additional 15 minutes following 
50% or greater attenuation of the SCEP. 

Following removal of the vascular clamps and 
completion of the SCEP measurements, the 
chest was closed without postoperative tube 
drainage. All animals were recovered for as- 
sessment of functional neurological recovery 
and eventual histological examination of the 
spinal cord. The status of neurological function, 
determined at 24 hours and 7 days postopera- 
tively, was designated according to Tarlov’s [10] 
criteria for grading the recovery of hind limb 
motor function: 0 = no voluntary movement; 1 
= perceptible movement of joints; 2 = good 
movements at joints but inability to stand; 3 = 
ability to stand and walk; and 4 = complete re- 
covery. Sensory testing involving the response 
to painful stimuli presented to the hind limb 
was performed at the same postoperative time 
intervals. All animals were killed 7 days post- 
operatively, and the thoracic, lumbar, and sa- 
cral segments of the spinal cords, including the 
cauda equina, were explanted. The specimens 
were sectioned at 2 to 4 cm intervals, prepared 
for light microscopy, and examined by one of 
us (A.F.S.), a neuropathologist, without knowl- 
edge of the group assignment. 


Statistical Analysis 

The Student t test for paired data was used in 
computing the p value for comparison of the 
ischemic intervals at which loss of the primary 
and secondary components of the SCEP oc- 
curred. Fisher’s exact test was used to detect 
significant differences in proportions with re- 
spect to outcomes between the two groups. The 
results of continuous observations are ex- 
pressed as the mean + standard error of the 
mean (SEM). 


Results 
Figure 3 depicts a typical preocclusion tracing 
of the SCEP. The characteristic features of the 
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Fig 3. Tracing of the somatosensory cortical evoked 
potentials (SCEP) recorded in a typical experiment prior 
to induction of spinal cord ischemia. The SCEP consists 
of an early surface-positive response (SCEP,) with a 
peak latency of 20 msec, followed by a secondary 
surface-positive response (SCEP.) with a peak latency 
of 65 msec and a series of less conspicuous tertiary 
waves of longer latency. The dashed line represents a 
metachronously collected recording confirming the re- 
liability of the SCEP prior to aortic occlusion. Positivity 
is represented by upward deflection. The arrow indi- 
cates the stimulus artifact. 


SCEP consist of an early positive response 
(SCEP,; peak latency = 18.5 + 1.0 msec), fol- 
lowed by a secondary positive response (SCEP,; 
peak latency = 79.1 + 8.0 msec) of greater 
amplitude and duration and a series of long- 
latency tertiary waves of variable configuration. 

Following the induction of spinal cord isch- 
emia, a progressive time-related attenuation of 
the evoked response was observed in all ex- 
periments (Fig 4). Substantial (>50%) diminu- 
tion in the amplitude of the SCEP, occurred 
after 4.0 + 1.2 minutes of ischemia and pre- 
ceded a similar reduction in amplitude of the 
SCEP,, which occurred at 12.6 + 1.6 minutes (p 
< 0.005). Thus, loss of the early component of 
the evoked response, SCEP,, was the most sen- 
sitive indicator of ischemic spinal cord dys- 
function. 

Following substantial loss of both the SCEP, 
and SCEP, components of the evoked response, 
reperfusion was established at 12.4 + 1.5 min- 
utes in Group 1 animals, whereas the ischemic 
interval was extended for an additional 15- 
minute period to 27.3 + 2.3 minutes in Group 
2 animals. Group 1 animals uniformly recov- 
ered, without clinical evidence of neurological 
injury as assessed at 24 hours and 7 days 
postoperatively. In contrast, 4 of 6 Group 2 
animals sustained a significant perioperative 
motor lesion (Group 1 versus Group 2, p < 0.05 


CONTROL 


POSTOCCLUSION 1min mn pV 
ae aa ee 


4min 


REPERFUSION 5min 


15min 


30min 


Loss of SCEP, — Imin 
Loss of SCEP> — 10min 
Occlusion time — 25min 


Fig 4. Tracings of the somatosensory cortical evoked 
potentials (SCEP) recorded during a typical experiment, 
illustrating the time course of the evoked response dur- 
ing ischemia and following reperfusion. Note loss of the 
SCEP, following 1 minute of ischemia, with substantial 
attenuation of secondary (SCEP2) and tertiary activity 
within 10 minutes postocclusion. In this experiment 
(Group 2), aortic occlusion was continued for an addi- 
tional 15-minute period, during which time there was 
virtual electrical silence with no recognizable evoked re- 
sponse recorded. Reperfusion was established following 
25 minutes of aortic occlusion. Note substantial recov- 
ery of the SCEP, following 30 minutes of reperfusion. 


by Fischer’s exact test). Three of the 4 affected 
animals demonstrated a complete spastic 
paraplegia, evident at 24 hours with no im- 
provement at 7 days. The other affected animal 
demonstrated only grade 2 motor function 
(good movements at joints but inability to 
stand) at 24 hours, improving to grade 3 motor 
function (ability to stand and walk) at 7 days 
postoperatively. l 
Although the results of postoperative sen- 
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sory testing were difficult to quantify, painful 
stimuli presented to the hind limb evoked a 
normal withdrawal response in all 6 Group 1, 
animals as well as the 2 Group 2 animals with- 
out motor impairment. Furthermore, a positive 
response to painful stimuli also was elicited in 2 
of 4 animals with complete motor lesions, im- 
plying a degree of dissociation in the extent of 
involvement of the motor and sensory path- 
ways. The clinical findings were paralleled by the 
status of the SCEP, following 30 minutes of re- 
perfusion, which showed substantial recovery 
(>50% of preocclusion amplitude) in 9 of 10 
animals with preservation of sensory function. 
The results of the histological evaluation sub- 
stantiated the clinical findings. The spinal cords 
from the animals with complete motor lesions 
demonstrated areas of extensive infarction in- 
volving the gray matter in the distal lumbar and 
proximal sacral segments (Fig 5A). The corre- 
sponding white matter revealed more subtle 
changes consisting of limited demyelination 
and gliosis affecting principally the ventral and 
lateral columns. These histological findings 
sharply contrast with those of Group 1 and the 2 
unaffected Group 2 animals, which were lim- 


Fig 5. (A) Microscopic section of the distal lumbar seg- 
ment of spinal cord taken from an animal with severe 
spastic paraplegia postoperatively. Extensive replace- 
ment of the central gray matter with macrophages is in- 
dicative of previous infarction. Residual degenerating 
anterior horn cells are present (arrow). (B) Corre- 
sponding region of spinal cord taken from an animal 
without clinical evidence of neurological injury. Note 
the preservation of normal-appearing anterior horn cells 
and absence of the macrophage reaction. (Beth H&E; 
X100 before 40% reduction.) 
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ited to a minimal degree of neuron loss and 
gliosis involving the central gray matter of the 
lumbosacral cord (Fig 5B). 


Comment 

The prevention of ischemic injury to the spinal 
cord during repair of lesions of the descending 
thoracic aorta remains a challenging surgical 
problem. Temporary occlusion of the thoracic 
aorta, in the absence of adequate collateral ves- 
sels or effective bypass, may compromise spinal 
cord blood flow indirectly as a result of a critical 
reduction in distal aortic perfusion. The risk of 
perioperative spinal cord infarction is increased 
by the necessity for concomitant resection or 
exclusion of spinal radicular vessels, irrespec- 
tive of the adequacy of distal aortic perfusion. 
Furthermore, inability to localize the origin of 
important radicular vessels in individual pa- 
tients precludes the use of a systematic opera- 
tive strategy that will uniformly prevent a criti- 
cal reduction in spinal cord perfusion during 
periods of aortic occlusion. 

Intraoperative recognition and reversal of 
spinal cord ischemia has not been successfully 
accomplished during the performance of surgi- 
cal procedures on the thoracic aorta. The results 
of the present study suggest that serial mea- 
surement of SCEPs, indicative of the status of 
conductivity in the neuraxis, could be exploited 
as a means of detecting ischemic spinal cord 
dysfunction during occlusion of the thoracic 
aorta. A characteristic time-related deteriora- 
tion in the evoked response was observed fol- 
lowing the induction of spinal cord ischemia, 
with virtual cessation of neural transmission 
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within a 12-minute period. This finding is con- 
sonant with that of Kobrine and colleagues, 
who measured the evoked response in monkeys 
using direct dural recordings from the cer- 
vicomedullary region [11] and the somatosen- 
sory cortex [12]. These investigators noted the 
onset of electrical silence following 8 to 18 min- 
utes of profound ischemia induced by con- 
trolled exsanguination to below the limits of 
circulatory autoregulation in the spinal cord. 

The available evidence indicates that the ear- 
liest surface-positive potential (SCEP,) in ani- 
mals is generated by the ascending afferent 
volley in the lemnisco-thalamocortical path- 
ways and the contralateral primary sensory 
cortex, and is analogous to the more complex 
short-latency cortical evoked response observed 
in recordings done in humans [13]. The precise 
neuroanatomical substrate of the secondary 
component (SCEP,) and subsequent long- 
latency components of the animal (and human) 
evoked response, characterized by diffuse and 
symmetrical cortical radiation, remain to be 
completely delineated [14, 15]. 

In the present study, a consistent finding was 
the rapid loss of the earliest surface-positive 
potential (SCEP,) following induction of spinal 
cord ischemia, which preceded eventual loss of 
the secondary and tertiary. components of the 
evoked response. The reason for the more rapid 
loss of the initial component of the evoked re- 
sponse, which represents the earliest indication 
of ischemic spinal cord dysfunction, is un- 
known. Selective loss of the initial deflection of 
the cortical evoked response has been recorded 
in patients with documented vascular lesions 
involving the thalamus [16]. It may be specu- 
lated that altered spinal cord conduction during 
ischemia selectively increases the latency of the 
SCEP,, which then becomes buried, as a result 
of temporal dispersion, in the more conspicu- 
ous secondary component of the evoked re- 
sponse. l 

Intraoperative monitoring of spinal cord 
function with SCEPs has been used successfully 
in the detection of injurious mechanical dis- 
traction of the spinal cord during the correction 
of scoliosis by Harrington instrumentation [17, 
18], and during decompression and stabilization 


procedures following traumatic lesions of the 
thoracic spine [19]. Our results indicate that 
distinctive alterations in the SCEP are asso- 
ciated with ischemic dysfunction of the spinal 
cord occasioned by temporary occlusion of the 
thoracic aorta. Spinal cord ischemic injury of 
sufficent degree to result in abolition of the 
cortical evoked response, if promptly followed 
by restoration of spinal cord perfusion, was 
uniformly compatible with complete recovery 
of neurological function. Thus, the early recog- 
nition of spinal cord ischemia using on-line 
measurement of SCEP allows the opportunity 
for rational intervention with corrective mea- 
sures designed to enhance spinal cord perfu- 
sion during surgical procedures on the thoracic 
aorta. 

In this context, the development of charac- 
teristic changes in the SCEP following cross- 
clamping of the thoracic aorta would indicate 
the need for adjunctive measures, such as 
bypass or a shunt, to improve perfusion distal 
to the cross-clamped aortic segment and, indi- 
rectly, to the spinal cord. Recovery of the SCEP 
following this intervention would indicate that 
the intended procedure could be completed 
without the risk of perioperative spinal cord 
infarction. Conversely, failure to recover the 
normal pattern of the SCEP would constitute 
strong circumstantial evidence that spinal cord 
blood flow is inadequate because an important 
spinal radicular vessel, typically the arteria 
radicularis magna [20, 21], has been excluded 
from systemic perfusion as a result of the posi- 
tion of the vascular clamps. Given this exi- 
gency, and lacking specific information relating 
to the level of origin of the arteria radicularis 
magna, reimplantation of a segment of poste- 
rior aortic wall from which several intercostal 
arteries originate would be imperative in order 
to prevent irreversible spinal cord injury. 
Available experimental evidence suggests that 
the efficacy of intercostal reimplantation would 
be enhanced by the induction of even modest 
levels of systemic hypothermia [12, 22-24], 
since the time required to complete such a pro- 
cedure may exceed the tolerable period of nor- 
mothermic ischemia of the corresponding seg- 
ment of the spinal cord [25]. 
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Alternatively, evidence of spinal cord isch- 
emia despite effective distal aortic perfusion 
may justify abandonment of the intended pro- 
cedure, given the risks and uncertainty at- 
tending random reimplantation of intercostal 
vessels. Angiographic demonstration of the ar- 
teria radicularis magna by selective catheteri- 
zation [26] could then be performed electively 
as an interval procedure prior to definitive re- 
pair of the lesion at a second operation. Under 
these circumstances, precise knowledge of the 
level of origin of major spinal arteries: would 
allow reimplantation or preservation of the ap- 
propriate intercostal vessels, thus minimizing 
the risk of perioperative spinal cord infarction. 

Theoretically, an ischemic lesion of the spi- 
nal cord could selectively involve the motor 
neurons in the gray matter without apparent 
perturbation in the SCEP, which is principally 
mediated through posterior column pathways 
located in the white matter [27]. In the present 
study, this dissociative type of injury was evi- 
dent in 2 animals subjected to extended aortic 
occlusion following loss of the evoked re- 
sponse; they sustained major motor lesions in 
association with preservation of sensory func- 
tion and substantial recovery of the reperfusion 
evoked response. This finding suggests that a 
reduction in spinal cord blood flow of sufficient 
severity to produce isolated infarction of motor 
pathways is associated with at least temporary 
ischemic dysfunction of the somatosensory 
pathways and corresponding abnormalities in 
the evoked response. 

These results demonstrate that the character- 
istics of the SCEP can be profitably analyzed to 
provide useful information regarding the func- 
tional status of the spinal somatosensory sys- 
tem under conditions of aortic occlusion. We 
conclude that the concept of spinal cord 
monitoring may assume an important role in 
the prevention of ischemic injury to the spinal 
cord during surgical procedures on the thoracic 
aorta. ' 
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Discussion 

DR. JOSEPH N. CUNNINGHAM (New York, NY): Icon- 
gratulate Dr. Coles and his group on a fine study. At 
New York University we have performed laboratory 
experimentation very similar to that which Dr. Coles 
and his group have so convincingly presented today. 
On the basis of our findings we have routinely ap- 
plied these techniques directly in the operating room 
for the past several weeks for all surgery performed 
on the thoracic aorta. 

We now have accumulated 6 consecutive patients 
who underwent large resections of descending 
thoracic or thoracoabdominal aneurysms. In 5 of 
them, somatosensory evoked potentials began to 
disappear within 3 minutes following application of 
a proximal cross-clamp. All potentials were com- 
pletely gone at 9 minutes. This also occurred in the 
sixth patient, but in the first 5, reversal of the 
somatosensory evoked potentials could be obtained 
by use of a shunt or femorofemoral bypass. In the 
sixth patient, a critical intercostal artery was 
reimplanted, resulting in immediate return of the 
somatosensory evoked potentials to normal. 

We believe that both from the standpoint of the 
patient’s welfare with regard to prevention of para- 
plegia, and with respect to the obvious medicolegal 
implications, the time has come for continuous 
monitoring of evoked potentials in the operating 
room during aortic cross-clamping to become part of 
routine hospital policy. 


DR. COLES: Iwas very interested in your comments, 
Dr. Cunningham. At present we have no clinical ex- 
perience with this technique but would like to con- 
gratulate you for demonstrating the potential clinical 
utility of spinal cord monitoring. We hope that our 
results have provided some experimental validation 
for the concept of spinal cord monitoring during sur- 
gical procedures on the thoracic aorta. 


Effect of Sodium Nitroprusside 
during the Payback Period of Cardiopulmonary Bypass 
on the Incidence of Postoperative Arrhythmias 


Kit V. Arom, M.D., David M. Angaran, M.S., William G. Lindsay, M.D., 
William F. Northrup, M.D., and Demetre M. Nicoloff, M.D. 


ABSTRACT This study was designed to determine 
whether a sodium nitroprusside infusion during the 
reperfusion (payback) period of cardiopulmonary 
bypass would minimize arrhythmias during the 
early postoperative period of coronary artery bypass 
surgery. A double-blind randomized study was car- 
ried out in 38 patients with no previous history of 
ventricular arrhythmias. Seventeen received 5% 
dextrose in water (D5W) and 21 received sodium 
nitroprusside at the rate of 2 ug per kilogram per 
minute during the payback period. The pump flow 
was kept constant at 2.2 liters per square meter per 
minute, and mean pressure was maintained at > 50 
mm Hg. 

There was a statistically significant difference 
between the two groups in the number of patients 
who developed ventricular arrhythmias (13 of 17, or 
76%, in the DSW group versus 6 of 21, or 29%, in the 
sodium nitroprusside group; p < 0.005). Twelve of 
the 13 patients in the D5W group experienced ar- 
rhythmias (6 ventricular tachycardia and 6 ventricu- 
lar premature depolarization) within the first 24 
hours, compared to 5 of 12 patients in the nitroprus- 
side group (3 ventricular tachycardia and 2 ventricu- 
lar premature depolarization). Only 1 patient in each 
group developed ventricular arrhythmia after the 
first postoperative day. One patient in each group 
experienced atrial arrhythmia during the first 24 
hours. After 24 hours, atrial arrhythmias developed 
in 5 patients in the D5W group (35%) and 3 patients 
in the sodium nitroprusside group (17%) (p > 0.05). 
The arterial pH ranged from 7.35 to 7.55, with a Po, 
greater than 70 torr and a serum potassium of 3.7 + 
0.36 mEq per liter in the D5W group and 3.4 + 0.34 
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mEg per liter in the nitroprusside group during the 
period of arrhythmias. Sodium nitroprusside given 
during the payback period of cardiopulmonary 
bypass appears to minimize ventricular arrhythmias 
in the early postoperative period of coronary artery 


bypass surgery. 


Coronary artery bypass surgery has become an 
important therapeutic modality in the man- 
agement of coronary artery disease. Recent 
technical advances and improved perioperative 
care have reduced the operative mortality to 1 
to 3% among experienced surgeons. However, 
because postoperative arrhythmias are com- 
mon, recent attention has been directed toward 
techniques to decrease these potentially serious 
complications. New atrial arrhythmias appear 
with almost equal frequency after valvular and 
coronary artery bypass operations and are most 
likely related to the mechanical effects of car- 
diopulmonary bypass. Ventricular arrhyth- 
mias, however, are detected more frequently 
after coronary artery bypass surgery than 
after valve procedures and appear to be re- 
lated to underlying ischemia and scar in the 
left ventricle [1-3]. Arrhythmias usually are 
well tolerated and do not greatly complicate the 
postoperative management. However, recur- 
ring arrhythmias sometimes will produce he- 
modynamic instability which can, in turn, 
produce renal, cerebral, and pulmonary com- 
plications and even death. 

Recently, sodium nitroprusside has been 
shown clinically to have antiarrhythmic prop- 
erties during acute myocardial ischemia [4]. 
Our study attempted to determine whether in- 
travenous sodium nitroprusside given during 
the reperfusion (payback) period of cardiopul- 
monary bypass could minimize arrhythmias 
during the early postoperative period in pa- 
tients undergoing coronary artery bypass 
surgery. 
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Materials and Methods 

A double-blind randomized study was carried 
out in 38 patients undergoing saphenous vein 
coronary bypass surgery. None of these pa- 
tients had a history of ventricular arrhythmias 
or electrocardiographic abnormality during a 
1-month period prior to operation. Twenty- 
nine men and 9 women, ranging in age from 33 
to 81 years, were operated on in one hospital by 
one group of surgeons, using similar anesthetic 
and surgical techniques. 

Extracorporeal circulation was carried out 
using the Bentley BOS-10 oxygenator and Sarns 
Modular System roller pump, priming with 
Plasmalyte solution at 20 to 25 ml per kilogram. 
During cardiopulmonary bypass, the body 
temperature was lowered to 28°C and diastolic 
arrest was obtained with a cold potassium car- 
dioplegic solution (5% dextrose in 0.25% nor- 
mal saline plus 30 mEq/L potassium chloride 
plus 5 mEq/L sodium bicarbonate). The myo- 
cardial temperature was kept below 20°C 
(12.8° + 1.8°C to 18.9° + 9°C in the group re- 
ceiving 5% dextrose in water and 13.2° + 2.0°C 
to 18.4° + 1.2°C in the sodium nitroprusside 
group; p > 0.05) by intermittently infusing 500 
+ 100 ml of cardioplegic solution every 20 + 3 
minutes. 

A solution containing either sodium nitro- 
prusside or 5% dextrose in water (D5W) was 
prepared each morning of surgery by a pharma- 
cist who alone knew its contents. The solution 
was infused intravenously into each patient at 
the beginning of the rewarming period at a rate 
of 2 ug per kilogram per minute until the rectal 
temperature reached 35°C (myocardial temper- 
ature of 36.5° + 0.5°C in the D5W group, and 
36.5° + 0.8°C in the nitroprusside group; p > 
0.05). During this time, the pump flow was kept 
at 2.2 liters per minute per square meter. Perfu- 
sion pressure was maintained above 50 mm Hg 
with intermittent intravenous injections (0.1 
mg) of phenylephrine hydrochloride (Neo- 
Synephrine). The patients were divided into 
two groups according to the solution which 
they received during the rewarming period. 
Seventeen patients received D5W and 21 pa- 
tients received sodium nitroprusside. These 
patients were comparable in weight and age 
(Table 1). As previously stated, none of them 


Table 1. Comparison of Age and Weight 
of the Two Test Groups i 


Sodium 
Nitroprusside 
Patient D5W Group Group 
Characteristic (N = 17) (N = 21) 
Age (yr) 56.9 + 24.2 56.6 + 18.9 
Weight (kg) 70.5 + 19.8 67.9 + 21.2 


D5W = 5% dextrose in water. 


had a prior history of ventricular or atrial ar- 
rhythmias, except for 1 patient in the nitroprus- 
side group who demonstrated one episode of 
atrial premature depolarizations after admis- 
sion. Preoperatively, 16 of the 17 patients in the 
D5W group and 18 of the 21 in the nitroprusside 
group received propranolol hydrochloride (In- 
deral) in a comparable (p > 0.05) dose of 121 + 
98 mg per day and 157 + 97 mg per day, respec- 
tively. A history of previous myocardial infarc- 
tion was present in 9 of the 17 patients in the 
D5W group and 18 of 21 in the nitroprusside 
group. The ejection fraction was less than 55% 
in only 2 patients in the D5W group and 5 pa- 
tients in the nitroprusside group. There were 
no statistically significant differences in the 
number of grafts, total cross-clamp time or re- 
perfusion time, pressure, and pump flow rate 
between these two groups (Table 2). 

Each patient was monitored directly in the 
intensive care unit and again with telemetry 
during the first 10 postoperative days. All ar- 
rhythmias during this period were automati- 
cally recorded on a multichannel recorder. Any 
of the following abnormal cardiac patterns were 
considered significant arrhythmias: 


Atrial in Origin 

1. Atrial fibrillation or atrial flutter, whether 
sustained or paroxysmal 

2. Reentrant or automatic paroxysmal supra- 
ventricular tachycardia 

3. Frequent atrial premature depolarization 
(APD) = 5 per minute 

Ventricular in Origin 

1. Unifocal ventricular premature depolariza- 
tion (VPD) = 30 per hour 
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Table 2, Comparison of Clinical Data in the Two Test Groups 


Sodium Nitroprusside Group? 


Clinical Data D5W Group? (N = 17) (N = 21) 
No. of grafts 3.1409 2.9 41.2 
Cross-clamp time (min) 3646 33 + 4 
Reperfusion time (min) 36 + 13 26.3 + 7.5 
Reperfusion flow (L/min/m?) 2.2 2.2 
Reperfusion pressure (mm Hg) 67.3 + 10 63 + 10 


Statistical significance: p > 0.05. 
D5W = 5% dextrose in water. 


2. Ventricular couplets 

3. Ventricular tachycardia (2 3 consecutive 
VPDs) 

4, Multiform VPDs 


Propranolol was given to 16 of the 17 patients 
in the D5W group and 18 of the 21 patients in 
the nitroprusside group during and beyond the 
study period (1 mg intravenously every 6 hours 
for 4 doses, then 20 mg orally every 12 hours). 
During all episodes of abnormal cardiac 
rhythm, any factors that could affect the ar- 
rhythmia also were recorded, including the 
systemic blood pressure, serum potassium 
level, arterial blood pH, and PaQO,. These vari- 
ables are listed in Table 3; they did not differ 
significantly between the two groups. Inter- 
mittent injections of Neo-Synephrine were nec- 
essary in 5 of the 17 patients in the DSW group 
(average, 0.22 mg per patient) and 9 of the 21 
patients in the nitroprusside group (average, 
0.29 mg per patient), in order to maintain the 
perfusion pressure above 50 mm Hg according 
to the protocol. 

All the data were analyzed for statistical sig- 
nificance of difference by paired Student t test 


and were expressed as mean plus or minus 
standard error of the mean. 


Results 

A patient was considered to have a new atrial or 
ventricular arrhythmia only if none of the ar- 
rhythmias had ever occurred preoperatively. 
Since hemodynamic instability and arrhyth- 
mias occurred more frequently during the first 
24 hours than during the remainder of the 
postoperative period, all data were analyzed in 
two parts (Table 4): arrhythmias that occurred 
in the first 24 postoperative hours and those 
that occurred after 24 hours but before 10 days. 


Arrhythmias Occurring During the First 24 Hours 
During the first 24 hours postoperatively, ven- 
tricular arrhythmias were more common than 
arrhythmias of atrial origin. Frequent APDs oc- 
curred in only 1 patient ofeach group, whereas 
ventricular tachycardia occurred in 6 patients in 
the D5W group and only 3 patients in the nitro- 
prusside group (p < 0.005). Also, 6 patients in 
the D5W group experienced significant VPDs 
during this same period, compared to only 2 
patients in the nitroprusside group (p < 0.005). 


Table 3. Comparison of Potential Arrhythmia-affecting Factors in the Two Test Groups 


Sodium Nitroprusside Group? 


Factor D5W Group? (N = 17) (N = 21) 
Systolic blood pressure (mm Hg) 118 + 12 112 + 11 
Serum potassium (mEq/L) 3.7 + 36 3.4 + 0.34 
Arterial pH 7.39 + 0.4 7.44 + 0.6 
Arterial PO, (torr) 84+ 14 89 +9 


*Statistical significance: p > 0.05. 
D5W = 5% dextrose in water. 
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Table 4. Numbers of Patients Developing Arrhythmias during the Postoperative Period 


Sodium Nitroprusside Group 

Abnormal Rhythm D5W Group (N = 17) (N = 21) 
Atrial arrhythmias 

<24 hr 1 (1) APDs 1 (1) APDs 

>24 hr 3 (5) F&F, 2 (2) APDs 2 (4) F&F, 1 (2) APDs 
Ventricular arrhythmias 

<24 hr 6 (8) VT,» 6 (9) VPDs° 3 (4) VT,” 2 (4) VPDs* 

>24 hr 1(1) VT 1 (1) VPDs 


‘Numbers in parentheses indicate total of arrhythmias. 
Statistical significance: *p < 0.005;  < 0.005. 


D5W = 5% dextrose in water; APDs = atrial premature depolarizations; VPDs = ventricular premature depolarizations; 


F&F = fibrillation and flutter; VT = ventricular tachycardia. 


Arrhythmias Occurring after the First 

24 Hours and before 10 Days 

After the first 24 hours postoperatively and be- 
fore 10 days had elapsed, atrial arrhythmias oc- 
curred in 5 patients in the D5W group, com- 
pared to 3 patients in the nitroprusside group. 
These differences were not statistically signifi- 
cant. Atrial fibrillation and flutter dominated the 
arrhythmias in both groups (3 of 5 patients in 
the D5W group and 2 of 3 patients in the ni- 
troprusside group). The remaining 3 atrial ar- 
rhythmias were APDs. 

Ventricular tachycardia occurred on the sec- 
ond postoperative day in 1 patient in the DoW 
group, and 1 VPD occurred on the seventh 
postoperative day in 1 patient in the nitroprus- 
side group. 

There was no statistically significant dif- 
ference between the myocardial temperature 
among these two groups during cardioplegic 
arrest or the rewarming period (p > 0.05). Also, 
no statistical significance could be obtained 
between the dosages or the number of patients 
who required Neo-Synephrine during the re- 
warming period (p > 0.05). 


Comment 

The fact that patients are prone to have cardiac 
arrhythmias after open-heart, operations is well 
documented. The incidence of arrhythmias 
generally ranges from 25 to 65%, although an 
incidence as high as 74% has been reported in a 
series of patients undergoing cardiac valve re- 
placement [1-3, 5-8]. 


Another series reported a 39% incidence of 
arrhythmias in 75 patients undergoing coronary 
artery bypass surgery [9]. However, these pa- 
tients were not evaluated for arrhythmia 
frequency preoperatively. Therefore, the inci- 
dence of new arrhythmias was not known. Re- 
cently, Michelson and colleagues [2] reported 
arrhythmias in 32 of 50 patients undergoing 
coronary artery bypass surgery. Twenty-six 
(52%) of these patients had newly developed 
arrhythmias. The incidence of atrial and ven- 
tricular arrhythmias in this group was almost 
identical (38% atrial and 36% ventricular). 
From these reports, it also is clear that ven- 
tricular arrhythmias occurred more frequently 
after coronary artery bypass surgery than usu- 
ally is seen following valve procedures. Pre- 
sumably, this was related to underlying isch- 
emia of the left ventricle. Nuclear imaging 
and other techniques may shed light on 
whether these arrhythmias are attributable to 
reperfusion. of reversibly ischemic myocardium 
or to changes of chronic ischemia and scar plus 
the effect of discontinuing preoperative medi- 
cation. 

Digitalis has been advocated for the preven- 
tion of postoperative arrhythmias. In one report 
[10], 120 patients undergoing coronary artery 
bypass surgery were randomly selected to serve 
as controls or to.undergo preoperative digitali- 
zation. There was a 25% incidence of atrial ar- 
rhythmias in the control group and a 5% inci- 
dence in the group that received digitalis. The 
incidence of ventricular arrhythmias, however, 
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was similar in both groups [10]. In another ran- 
domized study, patients were digitalized with 
ouabain immediately after coronary bypass 
surgery. Atrial arrhythmias occurred in 9 of the 
18 patients in the control group but in none of 
the 15 patients who had received ouabain [11]. 
Tyras and co-workers [12] reported a study of 
140 patients having coronary bypass surgery 
and randomized to either control or digitalis 
groups. The incidence of postoperative ar- 
rhythmias actually was higher in the group re- 
ceiving digitalis (27.8% versus 11.4%). How- 
ever, these authors noted a striking reduction 
in postoperative arrhythmias in patients in 
whom propranolol therapy was resumed 1 to 2 
days following the operation. 

The ability of sodium nitroprusside to lower 
blood pressure is reported to have been known 
by Claude Bernard [13]. The potential ther- 
apeutic merit of nitroprusside in the treat- 
ment of hypertension, particularly in a crisis, 
was suggested by Johnson in 1928 [14]. How- 
ever, it was not until 1951 that this potential 
was Clinically realized, when Page described its 
extensive use in hypertensive emergencies in- 
cluding encephalopathy [15]. By 1959, nitro- 
prusside was recognized as an effective drug 
for use in the management of malignant hyper- 
tension. Remarkably, it was not until 1974 that 
an approved preparation of this inexpensive 
chemical was made available commercially in 
the United States. Sodium nitroprusside re- 
cently has come into widespread use, not only 
for the treatment of severe hypertension, but 
also for intraoperative induction of arterial 
hypotension during operations and for reduc- 
tion of afterload by peripheral vasodilatation in 
patients with acute myocardial infarction or se- 
vere congestive heart failure. It has recently 
been shown that sodium nitroprusside therapy 
is effective in the treatment of hypertensive pa- 
tients with recurring resting chest pain and 
ventricular arrhythmias [5]. 

‘Rowe and Henderson [7] studied the sys- 
temic and coronary hemodynamic effects of 
sodium nitroprusside in dogs. A dose of the 
drug that decreased mean arterial pressure only 
8% produced a 53% increase in coronary flow 
and a 30% increase in coronary sinus oxygen 
content and cardiac output. The increases in 


coronary blood flow and coronary sinus oxygen 
content were interpreted as evidence of im- 
proved myocardial perfusion and oxygenation. 

In our study, atrial arrhythmias were less 
common in patients receiving sodium nitro- 
prusside (17%) than in those receiving D5W 
(35%) during the payback period of cardiopul- 
monary bypass. This difference, however, does 
not reach any statistical significance. The in- 
cidence of these atrial arrhythmias in both 
groups was within the range of new supraven- 
tricular arrhythmias reported in other series 
(1-3, 5, 6]. It is assumed that these atrial ar- 
rhythmias usually are related to direct mechani- 
cal injury from surgery, pericardial inflamma- 
tion, atelectasis, and other minor pulmonary 
complications. 

Ventricular arrhythmias developed in 76% of 
the patients not given nitroprusside during the 
payback period of cardiopulmonary bypass. 
This occurrence is slightly more frequent than 
was reportedly seen in other series and is cred- 
ited to the extended postoperative monitoring 
in our study. Only 29% of the patients treated 
with nitroprusside developed ventricular ar- 
rhythmias. This incidence is much lower than 
that usually seen in previously reported series 
and is significantly lower than the incidence of 
similar arrhythmias in the group of patients in 
our study who received D5W during the same 
payback period. The lower incidence of ven- 
tricular arrhythmias in the group treated with 
nitroprusside probably is related to the va- 
sodilator effect of sodium nitroprusside on the 
coronary arteries. The improvement in coro- 
nary artery blood supply increases global 
myocardial perfusion, the result of which is a 
more uniform warming and oxygenation of the 
ischemic myocardium. This effect alone could 
perhaps significantly decrease the oxygen debt 
during the payback period. The effects of ni- 
troprusside on afterload reduction and on alter- 
ing the endocardial/epicardial flow ratio may or 
may not affect myocardial oxygenation in our 
setup, since the heart remained in the empty, 
nonworking state during the reperfusion pe- 
riod. It is not known whether sodium nitro- 
prusside has any direct antiarrhythmic prop- 
erties. There was no correlation between the 
incidence of arrhythmias and the number of 
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grafts, total cross-clamp time, and completeness 
of revascularization in each group. 

It has been our routine practice, unless there 
is an absolute contraindication, to place all 
postoperative patients on Inderal therapy until 
3 months after surgery. In our experience, 
paroxysmal supraventricular tachyarrhythmias 


often were not well tolerated. Hemodynami-. 


cally, this is not surprising [16, 17]. However, 
in some patients these tachyarrhythmias pro- 
duced no symptoms and would not have been 
detected without extended electrocardiographic 
monitoring. Although arrhythmias were fre- 
quent, their occurrence did not necessarily 
contribute substantially to other complications 
in the immediate postoperative period. There- 
fore, the decision to treat arrhythmias was 
made on an individual basis. Further follow-up 
may determine whether any of these arrhyth- 
mias contribute to sudden death or to other 
complications after hospital discharge. 
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A New, Simple Method for Intraoperative Reinfusion 


Marko Turina, M.D., and Max Laszczower, M.D. 


ABSTRACT The disposable device for intraopera- 
tive reinfusion consists of a polycarbonate container 
with an antifoam-coated filter. One port is connected 
to the suction tip; the other port is attached to wall 
suction. Sodium citrate solution (50 to 100 ml) is as- 
pirated first, followed by 400 ml of shed blood. The 
full container is passed. to the anesthetist who turns 
the device upside down and starts reinfusion from 
the bottom, previously the top port of the container. 
In experiments with dogs, this procedure resulted in 
only slight hemolysis, a minor drop in platelet 
count, and no mortality or morbidity. This new 
method of reinfusion combines the advantages of 
simplicity, disposable equipment, and low blood 
trauma. 


The concept of collecting and reinfusing blood 
lost in a body cavity derives from the early 
nineteenth century [1, 2], but it is only since 
1914 that reinfusion, especially after ruptured 
ectopic pregnancy, has been actively practiced 
[3]. After the Second World War, the method 
was not pursued further, as the establishment 
of blood banks appeared to have solved the 
problem of obtaining adequate blood supplies. 
In recent years, the demand for blood has in- 
creased with new developments in cardiac and 
vascular surgery as well as in traumatology. At 
the same time, the risks involved in transfusion 
of homologous blood are better known. All 
these factors led to a renewed interest in reinfu- 
sion of the patient’s own blood. 


Material and Methods 

Terminology 

A number of words relating to the collection 
and reinfusion of blood are used in the litera- 
ture, among them the terms autologous blood 
transfusion, autotransfusion, reinfusion, retrans- 
fusion, and. even allotransfusion. They are not 
From Surgical Clinic A, University Hospital, Zurich, Swit- 
zerland. 

Accepted for publication Oct 8, 1981. 


Address reprint requests to Prof. Turina, Surgical Clinic A, 
University Hospital, 8091, Zurich, Switzerland. 


interchangeable, however, as they describe dif- 
ferent methods. As the suggested classification 
in Figure 1 shows, the return of extravasated 
blood to the patient’s circulation is best referred 
to as reinfusion. This term is particularly useful 
because it consists of a single, relatively short 
word. 


Technical Problems 

The most widely used device for intraoperative 
reinfusion is the Bentley autotranfusion sys- 
tem. The blood is aspirated with a roller pump 
and reinfused under pressure. In general, the 
dangers and disadvantages of this system are 
known. The technique carries the risk of air 
embolism [4] and gives rise to very high plasma 
hemoglobin levels—as great as 1,000 to 2,900 
mg per 100 mi [2, 5]. Also, a specially trained 
staff is required to operate this complex system. 
Attempts to make the Bentley system safer in- 
volved the addition of further apparatus, thus 
resulting in even more complicated reinfusion 
machines [5-7]. Therefore, there has been a 
demand for the construction of a simple third- 
generation device [8]. 

Any method of reinfusion is faced with two 
principal problems: coagulation and hemolysis. 
Anticoagulation is achieved by two funda- 
mentally different techniques: systemically by 
the administration of heparin, or extravasally 
with sodium citrate, citrate-phosphate-dextrose 
(CPD), or acid-citrate-dextrose (ACD) solu- 
tions. Reinfusion becomes very simple if hep- 
arin is used for systemic anticoagulation, but 
this is unsatisfactory and is contraindicated 
in complex vascular operations and in patients 
with multiple or cerebral trauma. The majority 
of reinfusion systems in use to date take the as- 
pirated blood through tubes that are 2 or 3 m 
long, utilizing either systemic anticoagulation 
or the anticoagulant in the aspirator. The latter 
solution does require an additional tube from 
the anticoagulant container to the sucker, with 
the result that the reinfusion technique be- 
comes complicated [2, 7, 9, 10]. 
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Fig 1. Methods of autotransfusion and reinfusion. 


For prevention of hemolysis, the choice of 
vacuum source is of crucial importance. Wall 
suction or ordinary suction pumps of the type 
found in any operating theater are preferable to 
roller pumps, due to the simplicity of opera- 
tion. Furthermore, the aspiration tubing should 
be kept as short as possible to eliminate the 
possibility of coagulation and hemolysis [7, 11]. 


New Reinfusion Device 
Reinfusion of blood collected intraoperatively 
may be regarded as a special form of blood 
transfusion, differing chiefly in the manner in 
which the blood is obtained—with a sucker 
rather than through a needle from a vein. There 
is no reason why reinfusion should be regarded 
as a complicated procedure requiring compli- 
cated techniques. The desired aim can be 
achieved by quite simple means. Our reinfu- 
sion device (Fig 2) consists merely of a blood 
container and an aspirator with handle and roll 
clip, together with a conventional transfusion 
set.* A vacuum is obtained with any type of 
surgical suction pump or wall suction. The de- 
vice is so simple that no specially trained staff is 
required. It is completely discarded after use, 
which means there is no need for maintenance. 
The design and dimensions of the container 
are such that it can be held by hand just above 
the operative field when the blood is aspirated. 


*Available through SOLCO Basel Ltd., 4127 Birsfelden, 
Switzerland; approximate cost $35. 





Fig 2. Reinfusion container during aspiration of blood. 
See text for explanation. 


This means a drastic reduction in the length of 
the blood pathway (40 cm) and eliminates the 
need of a separate tube for the anticoagulant. 
Reducing the length of the aspiration tube pro- 
vides another advantage: the person operating 
the device will be able to react immediately if 
any foaming occurs in the container, e.g., by 
changing the site or the rate of aspiration. The 
container holds 500 ml and is connected to the 
suction tip (15 cm length) by a 25 cm silicone 
tube. The multiple-hole construction of the as- 
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pirator tip prevents the aspiration of coagula or 
tissue fragments. The rate of aspiration is con- 
trolled by a roll clip. The funnel-shaped upper 
part of the container is fitted with a nylon filter 
of 500 u pore size and an antifoam-treated filter; 
it is connected to the vacuum source by a short 
silicone tube fitted with a straight connector. 
The container and the sucker are made of 
polycarbonate. 


Method of Use of Reinfusion Device 

Prior to the start of the operation, the device is 
connected to the vacuum source by a sterile 
connecting tube. A vacuum is then applied to 
aspirate 50 to 100 ml of a 3.8% sodium citrate 
solution, or the equivalent amount of CPD or 
ACD, from a dish to the device. The device is 
picked up with one hand; the other hand intro- 
duces the aspirator and slowly opens the roll 
clip. The tip of the sucker must always be below 
the level of the blood to prevent the aspiration 
of air and the subsequent hemolysis [12]. When 
sufficient blood has been drawn up to reach the 
500 ml mark, the roll clip is closed, and the 
container is detached from the vacuum source 
and passed to the anesthetist. A conventional 
transfusion set is then attached, and the con- 
tainer is inverted, so that the funnel-shaped 
part points downward and the blood has to 
pass the antifoam filter. At this point, the blood 
can be reinfused by gravity, as during a normal 
transfusion (Fig 3). 


Experimental Procedure 

Experimental trials of the reinfusion device 
were carried out on 10 mongrel dogs of either 
sex weighing 33 to 43 kg. The dogs were anes- 
thetized, and catheters were introduced into 
the femoral artery and vein for blood pressure 
determinations and blood sampling. Following 
thoracotomy in the left fourth interspace, the 
pericardium was opened and a stab incision 
made in the wall of the left atrium. The blood 
flowing from this wound was aspirated, using 
the reinfusion device, and reinfused im- 
mediately. The process was repeated until the 
estimated circulating blood volume (8% of 
body weight) had been reinfused twice. After 
closure of all incisions, the animals were al- 
lowed to recover. They were killed 48 hours 





Fig 3. Reinfusion container inverted, during adminis- 
tration of accumulated blood. 


later. The major organs (liver, spleen, kidneys, 
heart, and lungs) were examined histologically. 

Blood samples were taken before the experi- 
ment started and after the first and second ex- 
changes of blood volume. They were repeated 
after 24 hours and 48 hours. During the reinfu- 
sion process, blood.samples were taken from 
the first, second, eighth, and twelfth container. 
The following laboratory studies were per- 
formed: arterial blood gases, red and ‘white 
blood cell count, thrombocytes, whole blood 
and plasma hemoglobin, hematocrit, urea, 
creatinine, -protein, bilirubin, plasma electro- 
lyte, glutamic oxaloacetic transaminase, and 
lactic dehydrogenase level. 


Results 

All animals survived the experimental proce- 
dure and the following 48 hours without com- 
plications. Postmortem examination showed no 
pathological changes either macroscopically or 
microscopically. Arterial blood gases, particu- 
larly partial pressure of oxygen, were within the 
normal range after the repeated : blood. ex- 
changes, and the pH also remained constant. 
Similarly, no variation was noted’ in serum 
electrolytes, urea, creatinine, bilirubin)” and 
glutamic oxaloacetic transaminase. 
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Fig 4. Behavior of platelets, plasma hemoglobin (Hb), 
lactic dehydrogenase (LDH), and white blood count 
(WBC) during experimental reinfusion (n = 8). Arterial 
blood was taken from each animal before the experiment, 
after the estimated blood volume had been reinfused 
once and then twice, and 24 and 48 hours after the ex- 
periment. 


Figure 4 shows the results of platelet, plasma 
hemoglobin, lactic dehydrogenase, and leuko- 
cyte studies on the animals. The Table has the 
plasma hemoglobin, erythrocyte, and leukocyte 


Serial Blood Samples from Reinfusion Containers? 


counts for container blood. Plasma hemoglobin 
had only a minimal increase over values in cir- 
culating blood (see Fig 4). There was only a 
slight increase in values for lactic dehydro- 
genase, and the red blood cell count showed a 
moderate hemodilution due to the sodium ci- 
trate solution. The white blood cell count re- 
mained essentially unchanged. 


Comment 
The majority of papers on reinfusion published 
to date are based on experience with the 
Bentley system or modifications of the same. 
These systems are complicated to operate and 
require systemic heparinization; the rate of 
hemolysis can at times be high; and they carry a 
latent risk of fatal air embolism. Therefore, sur- 
geons have been reluctant to use reinfusion. Yet 
even when trained staff are available to operate 
a system of this type, the possibility of using it 
is considered less frequently than might be 
done. There are several explanations for this. 
The decision to put that type of reinfusion sys- 
tem into operation is made less readily than the 
decision to use blood from the blood bank. An- 
other reason is that the surgeon and anesthetist 
usually register only the hemodynamic success 
of a foreign blood transfusion and are hardly 
ever confronted with a hepatitis resulting from 
transfusion of the homologous blood. By the 
time the hepatitis becomes evident, the patient 
has already left the hospital, and deaths due to 
transfusion hepatitis do not figure in the surgi- 
cal statistics. This is a fact to be taken into con- 
sideration when reinfusion is under discus- 
sion. 

The introduction of preserved blood, of 





Container 
Sample First Second Eighth Twelfth 
Plasma Hb E 8.8 + 6.4 5.4 + 2.1 4.9 + 2.0 7.6 + 3.1 
(mg/100 ml) 
‘LDH dU) 91 + 14 107 + 15 158 + 26 164 + 46 
RBC (109 3.35 + 0.28 3.46 + 0.23 3.06 + 0.26 3.51 + 0.33 
WBC (10%) 6.4 + 0.6 7.1 + 0.6 7.1 0.8 7.1 0.8 


“Data shown as mean + standard error for samples from 10 dogs. l : 
Hb = hemoglobin; LDH = lactic dehydrogenase; RBC = red blood [cell] count; WBC. = white blood [cell] count. 
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course, did mean a great simplification of trans- 
fusion. technique, but the biological hazards of 
foreign blood transfusion have remained. This 
technique provides a chance for reinfusion of 
the patient’s own blood to become an integral 
part of certain surgical procedures, providing 
the technique meets specific conditions: simple 
operation of a disposable device ready for in- 
stant use, and minimal blood trauma, with the 
blood taken by the shortest route from the 
operative field back to the patient’s own circu- 
lation. In effect, the blood, that precious mate- 
rial, is recycled. 


Addendum 

On completion of the manuscript, satisfactory clini- 
cal results had been obtained in 18 patients in whom 
an average blood volume of 1,000 ml was reinfused 
during cardiovascular operations. The clinical results 
obtained with a larger number of patients will be re- 
ported later. 
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Notice from the American Board of Thoracic Surgery 


The Part I (written) examination will be held at 
the Amfac Hotel, Dallas/Fort Worth Airport, 
Dallas, TX, in January, 1984. The closing date 
for registration is August 1, 1983. 

To be admissible for the Part II (oral) exam- 
ination, a candidate must have successfully 
completed the Part I (written) examination. 


A candidate applying for admission to the 
certifying examination must fulfill all the re- 
quirements for the Board at the time the appli- 
cation is received. 

Please address all communications to the 
American Board of Thoracic Surgery, 14640 E 
Seven Mile Rd, Detroit, MI 48205. 


Asymmetrical Myocardial 


Hypothermia during Hypothermic Cardioplegia 


R. Leighton Fisk, M.D., Ph.D., Daraius Ghaswalla, M.D., 


and Eric J. Guilbeau, Ph.D. 


ABSTRACT To evaluate the possibility of inade- 
quate right ventricular protection during operation, 
the temperatures of the anterior myocardium of the 
right ventricle and the middle of the interventricu- 
lar septum were compared at ten-minute intervals 
throughout the period of continuous coronary isch- 
emia in 130 consecutive patients. Systemic temper- 
ature was lowered to 23°C, using cardiopulmonary 
bypass. Cardiac arrest was induced by aortic cross- 
clamping and infusion of cold cardioplegic solution. 
Cold solution was reinfused as necessary to maintain 
septal temperatures at less than 20°C. 

Despite the use of superior and inferior vena caval 
cannulation for control of venous return, it was more 
difficult to maintain the right ventricle at the desired 
degree of myocardial hypothermia than the left ven- 
tricle. The difference between left and right ven- 
tricular temperatures was as great as 19°C. In 80% of 
the observations (n = 1,010), the right ventricle was 
warmer than the left ventricle. The most frequently 
occurring temperature differences (left ventricle 
minus right ventricle) were in the 2° to 3°C range. 
These data indicate that it is more difficult to main- 
tain hypothermia in the right ventricle. Concern for 
the left ventricle alone may be misleading. An 
alarming degree of rewarming may occur in the right 
ventricle and thereby contribute to right ventricular 
dysfunction and unilateral right ventricular failure. 


The use of hypothermia to protect the heart 
during elective ischemia for operation has re- 
duced the incidence of perioperative left ven- 
tricular failure and dysfunction. The major 
factor in this improvement has been the ap- 
plication of the principle of hypothermia to 
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reduce tissue metabolic needs when coronary 
blood flow is interrupted. Hypothermia has 
been applied using whole-body hypothermia, 
topical cooling of the myocardium, and perfu- 
sion of the coronary arteries with cold cardio- 
plegic solution. 

Most patients undergoing cardiac operation 
have a vulnerable left ventricle. During the de- 
velopment of methods to protect the heart from 
ischemic injury, attention has been focused on 
protection of the left ventricle. The right ventri- 
cle is considered to be much less susceptible to 
perioperative damage. Starr and co-workers [1] 
showed that normal right ventricular function 
was not necéssary for circulatory stability when 
the pulmonary vasculature was normal. 

Recent laboratory evidence and clinical ob- 
servation [2], however, have demonstrated that 
dysfunction of the right ventricle is character- 
ized by low cardiac output in the presence of 
low left heart pressures, normal pulmonary vas- 
cular resistance, and high filling pressures on 
the cardiac inflow side of the circulation. In this 
setting, the right ventricle develops very little 
pressure and pulmonary artery pressure ap- 
proaches right atrial pressure. Left atrial pres- 
sure can be increased only by excessive and 
disproportionate increases in right ventricular 
filing pressures. Fatal perioperative right ven- 
tricular failure has been recognized [3-5], and 
attempts to treat this condition have been made 
(3, 5]. 

During the past three years, we have en- 
countered six instances of severe perioperative 
right ventricular failure. Two of the patients 
died, and 4 recovered within 24 hours. In all 6 
patients there was a possibility of inadequate 
maintenance of hypothermia in the right ven- 
tricle during lengthy and complicated opera- 
tions. Two had double-valve replacement with- 
out significant pulmonary hypertension; the 
right ventricle was very thin and susceptible to © 
rewarming. Three patients underwent resection 
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of a left ventricular aneurysm; an occluded an- 
terior descending coronary artery probably pre- 
vented satisfactory protection of the anterior 
right ventricle [5]. Severe right coronary artery 
disease prevented adequate cooling of the right 
ventricle in 2 patients. Conclusions could not be 
drawn regarding asymmetry of ventricular tem- 
peratures during the period of coronary isch- 
emia in these 6 patients, however. 

We have been aware of the need for vena 
caval isolation and venting of the heart to pre- 
vent rewarming of the right ventricle [6]. In our 
6 patients, those principles had been applied, 
but inadequate cooling and, probably, rewarm- 
ing occurred during the period of operative 
ischemia. Myocardial temperatures are nonho- 
mogeneous and unpredictable [7]. A range of 
7° to 33°C in various areas of the myocardium, 
and instability and variable increase in myo- 
cardial temperature have been observed [7]. 

Many surgeons do not ensure complete ve- 
nous drainage by caval control. Many avoid 
venting, and many do not utilize significant 
general-body hypothermia. We decided to de- 
termine the degree to which the right ventricle 
could be maintained hypothermic relative to 
the left when every effort was being made to 
accomplish this (as is our clinical practice). 
This seemed doubly important from the 
standpoint of indirectly verifying the supposi- 
tion that the patients who had demonstrated 
right ventricular failure may have had inade- 
quate right ventricular protection. 


Material and Methods 

One hundred thirty consecutive adult patients 
undergoing operation for coronary artery by- 
pass grafting, valve replacements, or both 
were studied. Approval by our institutional re- 
view board was given, and informed consent 
from each patient was obtained. During car- 
diopulmonary bypass, needle thermistor 
probes (Yellow Springs Instruments electronic 
telethermometers) were inserted into the ante- 
rior myocardium of the right ventricle and into 
the middle of the interventricular septum. 
The coronary perfusion catheter was inserted 
into the aortic root, and following cross- 
clamping, 500 to 1,000 ml of cardioplegic solu- 
tion was infused at a temperature of 8°C or 


cooler under a pressure of up to 120 mm Hg. 
The cardioplegic solution was composed of 
Ringer’s solution containing 5% glucose, 30 
mEq/L of potassium chloride, 44 mEq/L of 
sodium bicarbonate, and 10 units per liter of 
regular insulin. 

Infusion was completed in one to two min- 
utes, producing flaccid cardiac arrest. Follow- 
ing cardioplegia, myocardial temperatures 
were recorded every ten minutes. These mea- 
surements were continued until rewarming, 
which was instituted about ten to twenty min- 
utes before completion of the cardiac proce- 
dure. Additional infusions of the cardioplegic 
solution were repeated as required to keep 
the septal temperatures at less than 20°C. All 
patients had a left ventricular vent catheter 
through the right superior pulmonary vein, as 
well as superior and inferior vena caval can- 
nulas to control venous return. 

To help minimize rewarming, surface cooling 
was attempted by pouring cold saline solution 
on the heart or by placing cold saline-soaked 
gauze behind the left ventricle. Using the heat 
exchanger of the bypass circuit, systemic tem- 
perature was lowered to an average of 23°C. All 
temperature measurements were recorded as 
paired values (right and left ventricles) at ten- 
minute intervals. A total of 1,010 paired values 
were recorded. The data were analyzed statisti- 
cally, using frequency distribution analysis. 


Results 

In 80% of the paired observations (n = 1,010), 
the right ventricle was warmer than the left 
ventricle. Despite the use of superior and in- 
ferior vena caval cannulations and tourniquet 


tapes for control of venous return, it was more 


difficult to maintain the right ventricle at the 
desired degree of myocardial hypothermia than 
the left. 

Figure 1 shows the distribution of systemic 
temperatures in the 130 patients studied (n = 
1,040). The average systemic temperature was 
23.2°C, and the range was from 19.5° to 34.0°C. 
The most common temperature range was 24° to 
26°C (49% of measurements). 

The distribution of septal temperature values 
(n = 1,039) is shown in Figure 2. The average 
septal temperature was 13.4°C, with a range of 
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Fig 1. Distribution of systemic temperatures. 


FREQUENCY O 5 8 29 59 |3 [49 202 178 


196 
182 
168 
154 
t40 
126 


o> 
*g< 
8 


A 
œ 


zn 


zi> * ai< 


vl> ‘Ze o 


© 


gi> ‘ele 


o 2 333 69 514 49 72 1 
IO il 2 B3 4 {8 iI I7 
vow wow Ww Ww wow 
SP eS 2 28 8 
A A A AK A AOD 
7 BR ERB SB 
146 9f 35 6 5 3 0 o 
lo I 12 13 i4 18 I6 17 
vow www V NNN 
=z = N 
2? © 8 N > D © 8 
A A A A A A A 
aN N Y 
o ò n & B® a B 


Fig 2. Distribution of septal temperatures. 


1.0° to 26.5°C. The most common range was 
from 12° to 14°C (19.6%), and 54% of tempera- 
tures were 14°C or lower. 

‘The distribution of right ventricular temper- 
ature shown in Figure 3 (n = 1,024) indicates 
that the average right ventricular temperature 
was 16.3°C, with a range of 1.0° to 29°C. The 
most common temperature range was between 


14° and 20°C (54.9%), and 55% of temperatures ` 


were 16°C or higher. 





Figure 4 is a comparison of the temperature 
distributions of the right ventricle and the left 
ventricle. It is clearly evident that higher tem- 
peratures predominated in the right ventricle 
and that lower temperatures were characteristic 


_of the septum. 


The average differences between the systemic 
and septal temperatures was 9.9°C, with a range 
of 0.2° to 32.8°C. The most frequently occurring 
difference was between 8° and 10°C (19.7% of 


321 Fisk, Ghaswalla, and Guilbeau: Asymmetrical Myocardial Hypothermia 


FREQUENCY ie) 2 o 7 2) 3i 77 ID 194 191 178 100 6&4 |l 8 lo oO 


nN 
w 
> 
a 
a 
„N 
ao 


0> 
z>s‘oz 
8 > ‘9s 
Ol>‘'S = 
Zi> ‘org 
bi>‘zie 


Fig 3, Distribution of right ventricular temperatures. 
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Fig 4. Comparison of right ventricular and left ven- 
tricular temperature distributions. 


measurements). The difference between the 
systemic and right ventricular temperatures 
averaged 7.4°C, and the range was from 0.1° to 
23.7°C. The most frequently occurring dif- 
ference was between 6° and 8°C. 
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Since all temperature values were paired 
measurements, it was possible to calculate the 
right ventricular~septal temperature difference 
for each paired observation (Fig 5). The dif- 
ference between the temperature of the right 
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Fig 5. Distribution of right ventricular-septal tempera- 
ture differences. 


ventricle and that of the interventricular septum 
averaged 2.9°C. The maximum difference be- 
tween the right and left ventricular tempera- 
ture, however, was as high as 19°C. More than 
50% of the right ventricular minus septal tem- 
perature differences were greater than 3°C (3° to 
19°C). 


Comment 

Despite vena caval control, venting of the heart, 
total-body hypothermia, and reinfusion of cold 
cardioplegia solution, it was more difficult to 
maintain the right ventricle at hypothermia 
than the left. Indeed, the temperature differ- 
ence between the left and right ventricles was 
as great as 19°C. ' 

A number of factors contribute to acute uni- 
lateral perioperative right ventricular failure. 
These include previous right ventricular infarc- 
tion, severe right coronary artery disease, in- 
jury to the right ventricle or right coronary ar- 
tery branches at operation, intraoperative air 
embolism to the right coronary artery, right 
ventricular overdistention, and inadequate 
hypothermic protection of the right ventricle. 
Some of these causes are unavoidable. Inade- 
quate myocardial hypothermia, however, 
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whether contributed to by inadequate isolation 
of the right heart or inadequate cooling, might 
well be a major, more preventable contributing 
factor. 

Very few surgeons measure temperatures in 
the right ventricle, and the degree to which 
right ventricular rewarming might occur using 
various techniques is not yet known. We now 
realize that the degree of rewarming of the right 
ventricle can be alarming. 

Cardioplegic cooling is assumed to produce 
generalized myocardial hypothermia effec- 
tively and has the advantage of facilitating the 
delivery of specific cardioplegic agents to the 
myocardium. Our findings indicate that hypo- 
thermic cardioplegia does not necessarily pro- 
duce uniform cooling. This was especially true 
of the right ventricle, which in many cases re- 
mained 4° to 6°C warmer than the left ventri- 
cle, even though every effort was made to re- 
duce its temperature to that of the left ventricle. 
‘One reason for this discrepancy in temperature 
may be attributed to filling of the right ven- 
tricular chamber with warm blood from the 
coronary sinus and pulmonary vasculature. 
Another explanation may be the position of the 
right heart, which favors rewarming of that 
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chamber by handling, contact with room air, 
and exposure to radiant energy from the sur- 
roundings. 

Our results are supported by those of Chiu 
and associates [7], who measured temperatures 
in 50 patients undergoing cardiac operations. 
They reported that hypothermic cardioplegic 
solution was infused into the root of the aorta 
immediately after aortic cross-clamping. Moni- 
toring of intramyocardial temperature with 
needle thermistor probes revealed that tem- 
peratures within the myocardium were un- 
predictable. The intramyocardial temperature 
achieved ranged from 7° to 33°C, was unstable, 
and could rise at more than 0.5°C per minute; 
the temperatures were uneven with differences 
of up to 17°C observed between the intra- 
myocardial temperature of the anterior and 
posterior left ventricular sites. The area sup- 
plied by the stenotic coronary artery was least 
protected. The authors concluded that wide- 
spread differences in the temperatures in the 
myocardium during cardiac operation make 
monitoring advisable for optimum myocardial 
protection. 

We cannot overemphasize the importance of 
realizing that in this study the measured dif- 
ferences were present in spite of a constant ef- 
fort during the ischemic period to keep a low 
and equal level of hypothermia in both ventri- 
cles. This was not always possible, and in many 
instances the differences were still very large. 
We contend that a significant degree of re- 
warming in the right ventricle may contribute 
to the right ventricular dysfunction occasionally 
seen during the postoperative period. The 
study indicates that concern for only the left 
heart temperature may be misleading; in order 
to provide maximum hypothermia in the right 


ventricle, special care must be taken. The im- 
portance of monitoring intraoperative myocar- 
dial temperatures and the use of intermittent 
hypothermic perfusion as necessary are also 
underscored by this study. 
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CASE REPORTS 


Mediastinal and Osseous 


Lymphangiomatosis: Case Report and Review 


Michael A. Watts, Comdr, MC, USN, James A. Gibbons, Capt, MC, USN, : 


and Benjamin L. Aaron, M.D. 


ABSTRACT Lymphangiomatosis is an uncommon 
disorder with the potential for multiple-organ in- 
volvement. Its course ranges from the asymptomatic 
bony lesion to progressive respiratory distress and 
death secondary to pulmonary involvement. 


In this report we present the case of a 28-year- 
old woman in whom chylothorax developed 
and who subsequently was found to have mul- 
tiple lymphangiomas of bone and a mediastinal 
lymphangioma. We also review the literature, 
noting the diverse nature of the disease. 


A 28-year-old white woman was admitted to 
our facility on April 13, 1978, for evaluation of 
recurring chylothorax. In March, 1978, a left 
pleural effusion was noted on a routine chest 
roentgenogram when the patient was asymp- 
tomatic. There was no history of recent illness 
or trauma. Her past history, family history, 
and a review of organ systems were unremark- 
able, except for the recent onset of left hip pain 
and the discovery of a cystic lesion in the left 
ilium. No further evaluation had been done. 
She had completed three normal pregnancies 
and deliveries. 

Physical examination revealed dullness at the 
base of the left chest associated with decreased 
breath sounds. No lymphadenopathy, organo- 
megaly, or peripheral edema was present. 

Thoracentesis revealed milky fluid that, on 
evaluation, was consistent with chyle. The pa- 
tient required four thoracenteses in the last two 
weeks of March, despite a low-fat diet. At each 
thoracentesis, 1,000 to 2,000 ml of chylous fluid 
was drained. A lymphangiogram revealed 
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normal retroperitoneal nodes with an accumu- 
lation of contrast medium at the level of the 
diaphragm and the left thoracic inlet, without 
definite extravasation. There was also puddling 
of contrast medium in the upper mediastinum. 
The patient was admitted for tube thoracos- 
tomy and was allowed nothing by mouth. 
However, 400 to 500 ml of chyle continued to 
drain every day. A no-fat diet was allowed on 
the seventh day, and after 24 hours another 
1,600 ml of chyle was drained. 

Persistent drainage continued. On April 17, a 
right thoracotomy and ligation of the thoracic 
duct at the aortic hiatus were performed. No 
abnormalities were noted except for several di- 
lated accessory channels at the hiatus. Micro- 
scopic examination confirmed the presence of 


‘the thoracic duct, but also revealed multiple 


small lymphangiomas. Following the opera- 
tion, the patient continued to lose 1,000 to 2,000 
ml of chyle per 24 hours from the left side. 
Hyperalimentation was instituted. The chest 
drainage became serous but continued in ex- 
cess of 1,000 ml per 24 hours. 

A bone survey and scan revealed lytic lesions 
in the left ilium, left fifth rib, and left tibia. Be- 
cause drainage persisted in spite of a two-week 
trial of hyperalimentation, a left thoracotomy 
was performed on May 3. At the time of opera- 
tion, the lung appeared normal after a thick, 
fibrous peel was removed from its surface. A 
boggy mass was found in the anterior medias- 
tinum, extending from above the thoracic inlet 
to the aortic hiatus. This mass drained chylous 
fluid at every point of incision. It was removed 
by ligating its neck at the points of entry and 
exit from the chest. The fifth rib was excised for 
microscopic evaluation. The mediastinal tissue 
revealed collections of dense, connective tissue 
containing variably sized vascular structures 
filled with proteinaceous material and lined. by 
flattened endothelium (Fig 1). There was also a 
prominent amount of smooth muscle present. 
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Fig 1. Dilated vascular channels with flattened en- 
dothelium. (Stain, H&E.) 


The rib lesion contained dilated channels lined 
with a thin, flattened endothelium without evi- 
dence of smooth muscle (Fig 2). 

Two days postoperatively, 850 ml of chyle 
was drained from the right chest. It reaccu- 
mulated in 24 hours, necessitating a tube 
thoracostomy. Varying amounts continued to 
drain from both sides in spite of the absence 
of oral intake and another two weeks of 
hyperalimentation. During this time bilateral 
staphylococcal empyema developed. Her febrile 
course responded to antibiotics, and the tube 
drainage gradually ceased. 

The patient was discharged on June 3, and 
followed as an outpatient during which time 
the tubes were gradually removed. She re- 
gained her preoperative weight and activity, 
and gradually the pleural spaces cleared. Com- 
puterized tomography of the pelvis, performed 


to evaluate the extent of the bony lesions, re- 
vealed innumerable cystic lesions involving the 
spine, pelvis, femurs, and ilia (Fig 3). Since 
these lesions were asymptomatic, it was judged 
that no active therapy was indicated. 


Comment 

Our patient represents another example of 
the relatively uncommon disorder lymphan- 
giomatosis, which was described by Shennan 
in 1914 [1]. The diffuse process in his patient 
was believed to represent metastases and not a 
primary disorder. Since then there have been 
case reports and reviews [2, 3] that describe pa- 
tients with a variety of presentations. These in- 
clude such entities as “disappearing bone syn- 
drome,” or Gorham’s disease [4, 5], multiple 
lymphangiomas of bone [6, 7], spontaneous 
chylopericardium [8], pulmonary lymphan- 
giomyomatosis [9], and combinations of these. 
Other locations of lymphangiomas are the ex- 
tremities, spleen, liver, kidney, and retro- 
peritoneum [10-12]. Many cases include 
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Fig 2. Intraosseous vascular channels with flattened en- 
dothelium. (Stain, H&E.) 


chylothorax, which is often the cause for the 
patient’s initial visit and subsequent difficulty 
in management. The patients usually 
healthy and are seen with dyspnea, cough, or 
chest pain; but sometimes, like our patient, they 
are entirely asymptomatic. 

The course of each patient’s disease is related 
to the extent of involvement. Lymphangiomas 


are 


of bone are usually discovered during evalua- 
tion of another problem or during routine ex- 
aminations. These lesions are commonly be- 
nign; however, there are reports of pathological 
fractures [13, 14]. These lesions have been de- 
scribed microscopically as dilated spaces lined 
by flattened epithelial cells, usually devoid of 
formed blood elements. The most dramatic 
cases of bone involvement are in those patients 
who undergo dissolution of whole bones. This 
has been termed Gorham’s disease, because of 
his initial discussion and subsequent review of 








Fig 3. Computerized tomography revealing cystic le- 
sions in the vertebral body. 


the entity [5, 15]. This specific presentation has 
an insidious onset, occurring most commonly 
in adolescents and young adults. There is often 
a history of minor trauma to the involved area. 
The radiographic picture reveals a startling 
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amount of osseous destruction, which is slowly 
progressive and involves adjacent bones with- 
out skip areas. There is little functional de- 
rangement, and there is no major alteration in 
blood chemistry. The process may arrest spon- 
taneously or terminate fatally, usually second- 
ary to chest involvement. The patient dies of 
inanition or infection. Microscopically, one 
sees replacement of bone with fibrous tissue, 
and marked proliferation of vascular spaces, 
which are usually engorged with blood and 
have the appearance of an angioma, but are 
sometimes filled with lymphatics. Gorham [15] 
believed that the bony destruction is secondary 
to hyperemia associated with the presence of 
the tumor. Treatment of the various bony le- 
sions has included curettage, bone grafting, 
chemotherapy, and radiation, but none has re- 
sulted in any regular success. 

The extraosseous manifestations of lymphan- 
giomatosis have more important consequences. 
This was evident in our patient's persistent 
chylous leakage in spite of varying treatment 
modalities. Until the advent of hyperalimenta- 
tion, persistent drainage of chyle was almost 
uniformly fatal. In most patients with chy- 
lothorax, a lymphangiomatous malformation 
in the mediastinum has been noted either at 
operation, postmortem examination, or lymphan- 
giography [7, 12, 16, 17]. Cervical extensions of 
mediastinal lymphangiomas have been re- 
ported [18]. This raises the question of their re- 
lationship to cystic hygroma in infants. It is not 
known whether the angiomatous malforma- 
tions represent embryonic sequestrations of 
mesoderm or hamartomatous development [2, 
3]. Another insidious presentation is pulmo- 
nary lymphangiomyomatosis, which occurs pri- 
marily in premenopausal women. The patient 
usually is seen with progressive dyspnea; 
pneumothorax, chylous effusion, or hemop- 
tysis may be noted [9]. Reticulonodular 
infiltrates are seen on roentgenograms, and 
grossly, the lungs are covered with small cysts. 
Microscopically, one sees dilated subpleural 
lymphatics with a proliferation of smooth 
muscle in the peribronchial, perivascular, and 
perilymphatic regions. Most patients die of 
progressive respiratory insufficiency. 

The treatment of these patients has been as 


varied as their presentations. Asymptomatic 
lytic lesions of bone have been shown to re- 
quire no active therapy. Radiation therapy, 
curettage, or bone grafting have not proved 
successful. Early excision of a single lesion 
should be curative, but most patients have 
multiple lesions at the time of discovery. In the 
presence of massive osteolysis, the process has 
usually been relentless, but spontaneous arrest 
of the destruction has been reported. Recurrent 
chylothorax has been successfully managed 
with repeat aspiration; however, many patients 
have required surgical intervention. An excit- 
ing recent development in the treatment of 
pulmonary lymphangiomyomatosis is the suc- 
cessful use of progesterone. Due to the primary 
presentation in young women, an estrogen de- 
pendency has been postulated and it has been 
urged that tissue be studied for estrogen- 
receptor determination. McCarty and asso- 
ciates [19] observed resolution of the radio- 
graphic changes with progesterone therapy. If a 
mediastinal lymphangioma is present, it should 
be removed as completely as possible with li- 
gation of any accessory channels. As in our pa- 
tient, the initial thoracotomy may not reveal the 
abnormal growth if ligation of the thoracic duct 
is undertaken. With this in mind, we believe 
the involved side should be explored first. Then 
the decision could be made to perform thoracic 
duct ligation, pleural abrasion, or pleurectomy, 
for prevention of recurrence of the effusion, if 
indicated. Freundlich [20] described the role of 
lymphangiography in chylothorax and thought 
that it can help distinguish between malignant 
versus benign disease and generalized versus 
localized involvement, and may even assist 
with the final diagnosis. The descriptions have 
included nonvisualization of the thoracic duct, 
blockage at some point in the duct, abnormal 
channels, or pooling of the contrast medium. In 
our patient, normal retroperitoneal nodes were 
present, and there was an accumulation of 
contrast medium at the level of the diaphragm 
and thoracic inlet, with pooling in the upper 
mediastinum. 

For the patient with spontaneous chylothorax 
and lytic bone lesions or other organ involve- 
ment, we recommend early lymphangiography 
and consideration for computerized tomog- 
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raphy. In these patients there will be a high 
probability of a mediastinal lymphangioma. If a 
lymphangioma is found, then complete extir- 
pation should be performed with careful atten- 
tion to ligation of all transected channels. If a 
premenopausal woman is seen with apparent 
pulmonary lymphangiomyomatosis, tissue 
should be studied for estrogen receptors ard 
therapy instituted accordingly. 
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Surgical Correction of Congenital Tricuspid Stenosis 


Mikel D. Smith, M.D., Kiran B. Sagar, M.D., H. Page Mauck, M.D., 
Michael J. Cowley, M.D., and Richard R. Lower, M.D. 


ABSTRACT The case of an adult patient with con- 
genital tricuspid stenosis is presented. The lesion 
was successfully corrected with valvular commis- 
surotomy and repair of atrial septal defect. Use of 
two-dimensional echocardiography in diagnosis of 
congenital tricuspid stenosis is discussed. 


Congenital tricuspid stenosis is a rare disorder 
with an incidence of 3 cases per 1,000 in Ab- 
bott’s review of congenital heart disease [1]. 
Most cases are diagnosed and surgically cor- 
rected in infancy and early childhood [2, 3]. We 
report our experience with surgical correction 
of congenital tricuspid stenosis in an adult seen 
with severe cyanosis. This is among the first 
reported instances of congenital tricuspid 
stenosis to be corrected with tricuspid valve 
commissurotomy. Diagnosis was made with 
two-dimensional echocardiography. We de- 
scribe the role of two-dimensional echocardiog- 
raphy in diagnosis of congenital tricuspid 
stenosis. 


A 28-year-old man was admitted with com- 
plaints of syncope and mild effort intolerance. 
Although cyanosis had been noticed shortly 
after birth, his growth and development were 
normal. Physical examination revealed a well- 
developed, obese, and severely cyanotic man. 
Clubbing of the fingers and toes was present. 
Jugular venous pressure was elevated, and 
prominent a waves were noticed. Examination 
of the heart was remarkable for the absence of 
abnormal findings. No murmur or abnormal 
heart sounds were heard. The pulmonary com- 
ponent of the second heart sound was normal. 
Electrocardiogram showed sinus rhythm, left- 
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axis deviation, and right atrial enlargement. No 
right or left ventricular hypertrophy was pres- 
ent. Hematocrit was 75%, and partial pressure 
of arterial oxygen at room air was 48 mm Hg 
and failed to increase after 100% inspired oxy- 
gen fraction. A two-dimensional echocardio- 
gram (Fig 1A) in apical four-chamber view 
showed a narrow tricuspid annulus measuring 
1.1 cm in diameter, thin tricuspid leaflets with 
restricted motion, and an aneurysm of the 
membranous ventricular septum. The subcostal 
four-chamber view (Fig 1B) showed a mod- 
erate-sized atrial septal defect in the region 
of the fossa ovale. At cardiac catheterization 
(Table) the catheter easily crossed the tricuspid 
valve and pulmonary valve. A mean diastolic 
gradient of 3 mm Hg across the tricuspid valve 
was present. Right atrial angiogram revealed a 
large secundum atrial septal defect with a 
right-to-left shunt. Right ventricular angiogram 
(Fig 2) demonstrated normal anatomy and 
function of the right ventricle and a small 
tricuspid annulus. The pulmonary artery and 
pulmonary valve were normal. Left ventricular 
angiogram confirmed the echocardiographic 
findings of aneurysm of the membranous ven- 
tricular septum. It was concluded that the pa- 
tient had congenital tricuspid stenosis with a 
large right-to-left shunt at the atrial level. Cor- 
rective operation was recommended. 
Operation was performed using standard 
cardiopulmonary bypass with hemodilution 
and systemic hypothermia to 28°C. The external 
appearance of the heart was remarkable only for 
enlargement of the right atrium to approxi- 
mately twice normal size with hypertrophy of 
the atrial wall. The right ventricle was slightly 
smaller than normal but had normal config- 
uration. Through a right atrial incision, the 
atrial septum was seen to have a 2 cm defect in 
the position of the foramen ovale. The tricuspid 
annulus was about half of the normal size, and 
there was valvular stenosis with an opening 
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Fig 1. (A) Still frame of apical four-chamber view and 
line interpretation. Note the narrow tricuspid annulus 
and small aneurysm of the ventricular septum (arrow). 
(LV = left ventricle; LA = left atrium; RA = right 
atrium.) (B) Still frame of subcostal four-chamber view 
and line interpretation showing atrial septal defect 
(arrow) with tricuspid and mitral annulus (double ar- 
rows). (RV = right ventricle; IVS = interventricalar 
septum; LV = left ventricle; TV = tricuspid valve; MV 
= mitral valve; RA = right atrium; LA = left atrium.) 


1 cm in diameter. The leaflets were thin and 


without identifiable commissures, and rela- 
tively normal-appearing chordae tendineae 
were present. 

The valve opening was increased to about 2 
cm in diameter by three incisions in the loca- 
tion of the normal commissures. The atrial 
septal defect was closed with a small pericardial 
patch. 

Postoperatively, the patient did well with 
improvement in color, cyanosis, and exercise 
tolerance. Serial cardiac catheterization per- 
formed at three weeks and three months 


postoperatively revealed an improvement in 
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Cardiac Catheterization Data*“ 


of Congenital Tricuspid Stenosis 


Three Weeks 


Three Months 








Preop Postop Postop 
(11/3/80) (12/3/80) (3/5/81) 
Pressure Oxygen Pressure Oxygen Pressure Oxygen 
Site (mm Hg) Saturation (%) (mm Hg) Saturation (%) (mm Hg) Saturation (%) 
RA 2 74 14 8 66 
RV 18/0-5 75 30/8-15 17/0 64 
MPA 95 68 23/13 47 13/6 67 
PCW 4 99 10 3 
LA 0 84 
LV 88/0-5 87 





“The arterial saturation was as follows: preop, 86%; three weeks postop, 92.0%; and three months postop, 99%. 
"The arteriovenous oxygen content difference (mm/dl) was 7.7 three weeks postop and 5.7 three months postop. 
“The cardiac output (L/min) (Fick) was 3.3 three weeks postop and 4.4 three months postop. 





Fig 2. Lateral view of right ventricular angiogram dem- 
onstrating small tricuspid annulus and normal right 
ventricular anatomy. 


cardiac output and a decrease in right atrial 
pressure (see Table). 


Comment 

To date, we are aware of four reported cases of 
successful corrective operation in congenital 
tricuspid stenosis. Medd and Kinmoth [2] re- 
ported the case of a 9-year-old girl with con- 


genital tricuspid stenosis and atrial septal de- 
fect who underwent successful correction by 
finger dilation and septal repair. Riker and 
colleagues [3] in their series on congenital 
tricuspid atresia and stenosis described a pa- 
tient who underwent dilation of the tricuspid 
valve. Heterograft replacement of the tricus- 
pid valve in a patient with congenital tricuspid 
stenosis was reported by Dimich and associates 
[4] in 1973. Barbero-Marcial and colleagues [5] 
in 1975 successfully performed tricuspid valve 
commissurotomy. Several years later, we used 
the same simple procedure to manage our pa- 
tient, a severely cyanotic adult, and achieved a 
good repair. Most patients in earlier studies ex- 
perienced a resolution of symptoms and return 
to normal life [2, 6, 7] following operation. 

All of the early reports of congenital tricuspid 
stenosis were based on findings at postmortem 
examination. A careful search of the literature 
reveals only six reports of antemortem diag- 
nosis of this disorder [2, 4-8]. In each, diag- 
nosis was made by cardiac catheterization. 
Echocardiographic findings were not de- 
scribed. The case of our patient illustrates the 
value of two-dimensional echocardiography 
not only in the diagnosis of congenital stenosis, 
but also in the surgical approach to this lesion. 
Echocardiography can delineate favorable ana- 
tomical features, such as the functional status 
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of the right ventricle and pulmonary artery, 
prior to operation. 
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Cardiac Tamponade Second 


to Chylopericardium Following Cardiac Surgery: 
Case Report and Review of the Literature 


Daniel M. Rose, M.D., Stephen B. Colvin, M.D., 
Delores Danilowicz, M.D., and O. W. Isom, M.D. 


ABSTRACT Only four instances of isolated chylo- 
pericardium following cardiac operation have been 
reported previously. We encountered this compli- 
cation in a young patient who was operated on for 
infundibular pulmonary stenosis. The etiology ap- 
pears to be related to a combination of intraoperative 
lymphatic injury and catheter-related subclavian 
vein thrombosis, the latter potentially elevating 
pressure within the thoracic duct and thereby re- 
sulting in an accumulation of chyle within the 
pericardial space. Therapy for this problem usually 
includes partial pericardiectomy with or without li- 
gation of the thoracic duct. 


Isolated chylopericardium is a rare complica- 
tion. Its occurrence following cardiac operation 
has been reported only four times [1-4]. We 
encountered this problem in a young woman 
following an operation for correction of infun- 
dibular pulmonary stenosis. 


A 20-year-old woman was noted to have a sys- 
tolic murmur since infancy. Shortly before she 
was seen by us, she began to experience exer- 
tional and nocturnal substernal pain. An elec- 
trocardiogram revealed marked right ventricular 
hypertrophy. Cardiac catheterization demon- 
strated severe infundibular pulmonary stenosis 
with a 100 mm Hg outflow gradient and a pa- 
tent foramen ovale. On July 10, 1980, the patient 
underwent infundibular muscular resection 
and closure of the septal defect. Postopera- 
tively, there remained a gradient of 10 to 15 mm 
Hg across the pulmonary outflow tract. The pa- 
tient’s initial postoperative course was compli- 
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cated by swelling of the left upper extremity, 
which gradually subsided with removal of a left 
subclavian vein catheter. 

On the eighth postoperative day, the patient 
had a slight fever, and she complained of sub- 
sternal pain and dysphagia. A pericardial fric- 
tion rub was present, a chest roentgenogram 
revealed an enlarged cardiac silhouette (Fig 1); 
and an echocardiogram demonstrated a peri- 
cardial effusion (Fig 2). Aspirin therapy was 
initiated for a presumed _postpericardiot- 
omy syndrome. Four days later the patient 
became profoundly dyspneic and hypotensive. 
A diagnosis of cardiac tamponade was made, 
and emergency operation was performed. 
Through a subxiphoid incision, 750 to 800 ml 
of milky-appearing fluid was removed from the 
pericardial space, after which the patient’s con- 
dition promptly improved. Bacteriological cul- 
tures of the fluid were negative. A sump cathe- 
ter was left in the pericardial space for seven 
days, during which only a minimal amount of 
fluid drained. Over the ensuing fourteen days, 
after the drain was removed, the chest roent- 
genogram demonstrated a gradual recurrence of 
the fluid (Fig 3). 

The patient was reoperated on through a left 
anterior thoracotomy. Five hundred to 600 ml of 
milky fluid was removed, and a partial peri- 
cardiectomy was performed. Inspection of the 
operative field revealed a transected lymphatic 
vessel in the periaortic fat, and it was sutured. 
No other source of the chylopericardium 
was found. The pericardial fluid contained 
high concentrations of triglycerides (2,015 mg 
per deciliter), and fat globules were demon- 
strated with a Sudan III stain, confirming 
the diagnosis of chyle. Postoperatively the pa- 
tient was maintained on a medium-chain tri- 
glyceride diet for fourteen days. Her subsequent 
course was uneventful, except for a small 
wound infection. Eighteen months following 
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Fig 1. Postoperative chest roentgenogram demonstrating 
enlarged cardiac silhouette. 





uE 





Fig 2. Echocardiogram demonstrating pericardial effu- 
sion. 


operation she is well, without any signs of re- 
currence of the chylopericardium. 


Comment 

Chylopericardium following cardiac operation 
was described by Thomas and McGoon [1] in 
1971 in a patient who underwent repair of a 
ventricular septal defect, pulmonary artery atre- 
sia, and a patent ductus arteriosus. In 1972, 
Hawker and associates [2] and in 1974, Jacob 


Fig 3. Chest roentgenogram demonstrating recurrence of 
fluid within the pericardial space. 


and co-workers [3] reported this complication 
in young infants who had ascending aorta- 
right pulmonary artery anastomoses for tetral- 
ogy of Fallot. Kansu and colleagues [4] also re- 
ported an instance of postoperative chyloperi- 
cardium following aortic valve replacement in 
a 53-year-old woman. The present report is 
the fifth instance of chylopericardium follow- 
ing cardiac operation to be reported. 

In 1888, Hasebrock [5] described the finding 
of chylous fluid in the pericardial sac at post- 
mortem examination. Yater [6] noted the as- 
sociation of chylopericardium with chylothorax 
in 1935, and Groves and Effler [7] described the 
entity of isolated primary chylopericardium in 
1954. In 1975, Dunn [8] reviewed the cases of 20 
patients with primary isolated chylopericar- 
dium. Subsequently, Charnilas [9], Ross [10], 
and their associates each reported the case of 
another patient. Of these 22 patients, 4 had 
chylopericardium secondary to mediastinal 
lymphangiomas, 6 patients had either pericar- 
dial or mediastinal lymphangiectasia, and in 12 
patients the etiology was uncertain, although 3 
of them did have an antecedent history of 
trauma [8-10]. 

The etiology of chylopericardium is not 
known. In general, cardiac lymphatics form a 
common trunk, crossing under the arch of the 
left pulmonary artery and main pulmonary ar- 
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tery and then traveling to the left of the aorta, 
going posteriorly to the mediastinal lymphatics, 
and eventually joining the thoracic duct. The 
pericardial lymphatic plexus can drain to chan- 
nels in the superior mediastinum, posteriorly to 
the paraesophageal lymphatics or inferiorly to 
the diaphragmatic lymphatics, and then to the 
thoracic duct [11]. 

Hawker and co-workers [2] postulated that in 
their patient a posterior pericardial lymphatic 
could have been injured when the superior 
vena cava was being encircled. Furthermore, 
they suggested that adhesions forming between 
the root of the lung and adjacent tissues pre- 
vented the lymph from draining into the pleural 
space, and instead caused the fluid to drain into 
the pericardial space. Jacob and associates [3] 
noted that there is a relatively high incidence of 
anatomical variation in the thoracic duct and 
that an injury to an anomalous duct could pro- 
duce chylopericardium. 

In their patient, Thomas and McGoon [1] 
demonstrated with venography a left subcla- 
vian vein thrombosis secondary to an external 
jugular vein catheter. They also noted that with 
venous thrombosis obstructing the thoracic 
duct, pressures of 35 to 50 mm Hg can be at- 
tained. Thus, with an injury to a pericardial or 
cardiac lymphatic and with elevated pressures 
within the thoracic duct secondary to a ve- 
nous thrombosis, chylopericardium could oc- 
cur. It is interesting that the patient reported 
by Kansu and associates [4] and our patient both 
had a catheter in the left subclavian vein and 
symptoms consistent with subclavian vein 
thrombosis, although this was not documented 
with venography in either patient. These 3 pa- 
tients appear to have a similar etiological mech- 
anism: an intraoperative injury to either a 
pericardial or cardiac lymphatic, and left sub- 
clavian vein thrombosis secondary to a vein 
catheter, resulting in elevation of pressure 
within the thoracic duct and thus allowing 
chyle to collect within the pericardial space. 

Diagnosis of chylopericardium is made by 
aspiration of the pericardial fluid. It is odorless 
and milky in appearance. The presence of fat 
can be demonstrated easily either by direct mi- 
croscopic examination or with a Sudan III stain. 
The fluid contains high concentrations of tri- 


glycerides (500 to 5,000 mg per deciliter) and 
protein (2.2 to 6.0 gm per deciliter). Bacteria 
usually cannot be demonstrated either by Gram 
stain or culture [5, 12]. 

Although Hawker and associates [2] treated 
their patient with needle aspiration and 
medium-chain triglyceride diet, and Jacob and 
co-workers [3] treated their patient with cathe- 
ter drainage and anastomotic revision, suc- 
cessful therapy usually requires partial pericar- 
diectomy with or without ligation of the 
thoracic duct. Of the previously reported pa- 
tients, 18 were treated with pericardiectomy 
and thoracic duct ligation, all without recur- 
rence [1, 8, 9]. Five patients had partial pericar- 
diectomy alone, and 2 of them died with re- 
current effusions [4, 8, 10]. One patient who 
refused surgical intervention was treated with 
repeated aspirations and died of recurrent effu- 
sion [8]. All 3 patients who died had extensive 
mediastinal lymphangiectasia [8]. 

Most authors recommend ligation of the 
thoracic duct. Since all 3 deaths occurred in the 
group of patients who had lymphangiectasia 
and lymphangioma and who did not have con- 
comitant thoracic duct ligation with pericar- 
diectomy or who refused operative interven- 
tion, the ligation certainly appears essential in 
this category of patients. Ten of the 12 patients 
in whom the etiology was uncertain also 
underwent ligation of the thoracic duct; how- 
ever, none of these 12 patients had recurrence 
[8, 10]. Of the 5 patients in whom chylopericar- 
dium occurred following cardiac operation, 
only the patient reported by Thomas and Mc- 
Goon [1] had thoracic duct ligation. None of 
these 5 had recurrence [1-4]. Therefore, it ap- 
pears that ligation of the thoracic duct should 
definitely accompany partial pericardiectomy 
when either lymphangiectasia or lymphan- 
gioma is present. 

It would seem prudent to perform ligation of 
the thoracic duct in those patients in whom the 
etiology is uncertain. However, ligation can 
probably be avoided safely if an injured lym- 
phatic can be identified within the operative 
field and ligated, which was possible in the pa- 
tient discussed by Thomas and McGoon [1]. 

In summary, chylopericardium is a rare com- 
plication. The etiology appears to be related to 
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an injury to a pericardial or cardiac lymphatic 
either by direct division, or, perhaps, by rup- 
ture from stretching as the sternotomy wound 
is separated. In some instances it may also be 
related to obstruction of the thoracic duct. Ef- 
fective treatment includes partial pericardiec- 
tomy and, often, thoracic duct ligation. If the 
injured lymphatic can be located, as was true in 
our patient, thoracic duct ligation seems to be 
unnecessary. Institution of a medium-chain 
triglyceride diet appears reasonable although 
its importance and efficacy are uncertain. 


The authors thank Dr. Frank Cole Spencer for his as- 
sistance and comments in preparation of this manu- 
script. 
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lve disease, decreased compliance of 
e ventricle and angina pectoris. Many 
tients consequently feel better and 
n do more, thereby enjoying a more 
ive lifestyle. 


ermedics has responded to physicians 
quests for a smaller, lighter A-V sequential 


pacemaker with AVIUS. At 68 grams and 11 mm 
thin, it is the most compact system of its kind 
currently available. 

But AVIUS is no lightweight when it comes to pe 
formance. The pacemakers proven microminiatur 
ized circuitry gives you more opportunity to tailor 
the prescription to the individual needs of each 
patient than any other A-V sequential pacemaker. 
it is multi-programmable in three pacing modes: 

e A-V Sequential Demand Mode (DVI) 

e Demand Ventricular Mode (VVI) 

e Asynchronous A-V Sequential Mode (DOO) 

15 pulse rates, 15 pulse widths and 7 sensitivity 
levels are all programmable with the sophisticated, 
yet easy-to-use programmer. 


MANCUVERADILI I Y, o 1ADILI I Y. 

Intermedics PolyFlex® leads offer the flexibility and 
maneuverability physicians demand. Made from 
durable polyurethane, they are smaller and more 
supple than conventional leads. The dual unipolar 





lead concept allows both leads to pass through 

one introducer into a a vein. The J-shaped 

atrial lead enhances 
ease of placement, 
and the tined lead tip, 
in conjunction with 
the J-shape, provides 
better lead stability. 
Two atrial- J lead 
sizes are available. 


AVIUS is a complete pacing system, with EKG 
transmitter, A-V Mini-Clinic and programmer 
complementing the leads and pulse generator. All 
of these components are designed to work in a 
compatible manner, offering the finest technology 
available to benefit your patients. By bringing A-V 
sequential pacing down in size and up in perfor- 
mance, Intermedics is continuing to help you meet 
your patients’ needs. 

Contact your nearest Intermedics representative 
and ask for the most up-to-date A-V sequential edu- 


cational materials, including article reprints, videq 
tapes and films of actual implants. Or call us toll 
at 1-800-231-2330 (in Texas call 1-800-392-3724 


A> Intermedics Inc. 


P.O. Box 617 
Freeport, TX 77541 


Our pusiness | is Life.’ 
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Avius™ Model 263-01 





Yominal Parameters and Product Information 


zonfiguration and Modes 

’acing Configuration ........... 00sec eee Dual unipolar 
Jperating Modes ......... 0s eee nena DVI, DOO, WI 
ead Compatibility ..............00. Accepts leads with 


5mm connectors 


*rogrammable Functions 


stimulation Rates ...... 30, 40, 50, 60, 66, 69, 72, 76, 80, 
85, 90, 96, 103, 111, 120 ppm 

ulse Widths ........... 0.15, 0.31, 0.46, 0.61, 0.76, 0.92, 
1.07, 1.22, 1.37, 1.53, 1.68, 1.83, 

1.98, 2.14, 2.29 msec 

Jegative Sensitivities’ ....... lowest (—2.8), lower (—1.9), 


low (—1.5), normal (—1.2), high 
(—1.0) higher (—0.8), highest 


(—0.6) mV 
NOGES) SEAE A T AET DVI, DOO, VVI 
elemetry ..............0.. On (transmission terminates 
automatically after 15 pace 
or sense events) 
Dperating Parameters 
3eginning-of-Service Magnetic Rate ............ 90 ppm 
3eginning-of-Service Pulse Amplitude” ............ 48V 
(at leading edge) 
=nd-of-Service Pulse Amplitude? at 
Indicated Elective Replacement 
POI EE E TE Not less than 3.6 V 
(at leading edge) 
3eginning-of-Service 
Output Current? ............ 9.6 mA (at leading edge) 
ositive Sensitivities’ .............000- +1.5 to +4.2 mV 
\-V Delay (DOO and DVI modes) ..........-. 155 msec 
°efractory Period (InDVI........ 332 msec for rates 30 to 
mode, this period includes a 103 ppm, 290 msec for 
155-millisecond A-V delay) rates 111 and 120 ppm 
=scape Interval (from a sensed ......... 0.1 to 10.0 msec 
ventricular event to shorter than the 
the next atrial programmed stimulus 
stimulating pulse) interval 
rotection Against “Noise” .......... Reverts to fixed-rate 
(EMI above 15 events/second) pacing at 90 ppm? 
in Demand Modes 
digh-Rate (runaway) ........ ‘, Rate limited to a maximum 
Protection of 125.7 ppm 
Power Source 
System Type < .ineananseccesis Single lithium-iodine cell 
Sell Voltage ciscecsiaerolneccdiunen e a 2.8V 
Cell Capacity cocori: peridneak Semaine wwe dees 3.0 AH 


Cell ENERGY icc ces ewer tgannwy sven saeames 7.8 WH 


Physical Characteristics 
CASE! 521 ive wo se ota eao secs Sess Titanium 
Seal s.icdocsdorindsetad tease sartoneeda Hermetic 
Header sarah casings oriris sn Biologically compatible epoxy 
Suture Hole Plug ......... Medical grade silicone rubber 
Sew Caps. s.ciaue.a a oode iros wsuacelsrownetons Acetal polymer 
DSTIENSIONS 6:65 6c ccewas cacasgn esse 6.0 x 4.7 x 1.14cm 
Weight isc oe deer weawins rama terri eisi noianu 68g 
Elective Replacement Indicator............ A drop of 
approximately 7 ppm 
from the beginning-of-service 
Power Cell Voltage (Available ......... A decline from 2.8 
via telemetry) to 2.2 volts 


‘using a 40 msec haversine (sine?) test pulse. 

?measured when pacing into a 500-ohm load at 72 ppm and a pulse width of 0.61 
msec (atrial and ventricular outputs). 

3if the pulse generator has been programmed to a rate greater than 90 ppm, it will 
pace at the programmed rate. 

“the model 263-01 has a small protrusion on each side of the connector portion 
of the pulse generator. The width of the pulse generator at this point is 1.4 cm. 


AVIUS is a trademark of Intermedics, Inc. 
©Intermedics, Inc., February 1982 
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INDICATIONS FOR USE: Implantable cardiac pulse generators may be indicated for long-term 
treatment of impulse formation or conduction disorders resulting in symptomatic bradyar- 
rhythmias, tachyarrhythmias, and heart block unresponsive to drug therapy. 

A-V sequential pacing is specifically indicated for treatment of conduction disorders that 
require restoration of both rate and atrio-ventricular synchrony. A-V sequential pacing may 
also be indicated for patients with extensive myocardial infarction with A-V block and sinus 
bradycardia. 


CONTRAINDICATIONS AND SIDE EFFECTS: There are no known contraindications to the 
use of pacemakers as a medical method for control of heart rate. Body rejection phenomena, 
local tissue reaction or skin necrosis, muscle and nerve stimulation, embolism, and cardiac 
tamponade have been reported. 


PRECAUTIONS: See the “Cautionary Notes” section of the Physicians’ Manual for the Inter- 
medics cardiac pulse generator to be implanted. Discussion includes Possible Complications, 
Environmental Hazards (electrocautery, diathermy, defibrillation, therapeutic radiation, home 
appliances, and industrial and special environments), and Effects of Drugs. 








CLASSICS IN THORACIC SURGERY 


John H. Gibbon, Jr. 


Part I. The Development of the 
First Successful Heart-Lung Machine 


J. Donald Hill, M.D. 


ABSTRACT In 1931, after witnessing the death of a 
patient from pulmonary embolectomy, Dr. John 
Gibbon had an idea for a machine that could take 
deoxygenated blood, oxygenate it, and pump it back 
into the arterial system. Collaborating with his wife 
Mary, Dr. Gibbon worked from 1934 to 1942 to de- 
velop an extracorporeal circulatory device. By 1942, 
he was able to keep cats alive on his experimental 
devices, with continued survival after bypass. In 
1950, he received support from IBM to build a 
heart-lung machine on a more sophisticated scale. 
Finally, on May 6, 1953, Dr. Gibbon performed his 
first successful operation using an extracorporeal cir- 
cuit on an 18-year-old woman with a large atrial 
septal defect and a large left-to-right shunt. 


John Gibbon performed the world’s first suc- 
cessful open-heart surgery using extracorporeal 
oxygenation on May 6, 1953. This event, the 
culmination of a 22-year effort, generated an 
explosion of technological progress in cardiac 
surgery that has changed the whole spectrum of 
our approach to heart disease. At the time Dr. 
Gibbon successfully performed the first open- 
heart procedure, it was not immediately recog- 
nized or heralded as the important event it 
grew to be. We now know that this work stands 
equal to anesthesia and antibiotics as a funda- 
mental advance in surgery and medicine. 


The Work 

The circumstances under which John Gibbon 
became inspired to begin his work on the 
heart-lung machine are curious and interesting 
but not entirely atypical of many innovations. 
In 1931, as an intern on Dr. Edward Churchill's 
surgical service at Massachusetts General Hos- 


From the Department of Cardiovascular Surgery, Presbyte- 
rian Hospital, Pacific Medical Center, PO Box 7999, San 
Francisco, CA 94120. 


pital, Gibbon’s assigned duty was to carefully 
monitor the pulse and blood pressure of a 53- 
year-old woman who had had a cholecystec- 
tomy performed and 15 days later had incurred 
a massive pulmonary embolism. It was Dr. 
Churchill's plan that if the patient deteriorated 
so badly that her death was imminent, he 
would step in and perform a pulmonary em- 
bolectomy, at the time a pioneering and 
dangerous operation. As Dr. Gibbon watched 
over this patient, monitoring every slight 
change in her vital signs, it occurred to him that 
what she really needed was a machine that 
could take the deoxygenated blood from her 
engorged veins, oxygenate it, and pump it back 
into the arterial system. The patient continued 
to deteriorate; emergency pulmonary em- 
bolectomy was performed, but the patient died. 
This event had a profound influence on John 
Gibbon’s future as well as the future of cardiac 
surgery. 

Over the following three years, while con- 
tinuing to pursue his career in surgery, Dr. 
Gibbon thought constantly about the pos- 
sibilities of building an artificial heart and lung 
that would be capable of totally supporting the 
circulation. In the autumn of 1934, with the 
support but against the advice of his teachers, 
he decided to devote one year to trying to build 
such a device. Dr. Churchill offered him a small 
animal laboratory space, and he was helped by 
his wife Mary, who had been a technician in 
Dr. Churchill’s surgical research laboratories. 
They proved to be a powerful, synergistic team. 
Initial success came in 1935 when they were 
able to demonstrate that their apparatus could 
totally support the heart and lung functions of a 
cat while its pulmonary artery was completely 
occluded with a clamp. An experiment later that 
year demonstrated that the animal’s own heart 
and lungs were again able to maintain the cir- 
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ARTIFICIAL 
DURING 


MAINTENANCE OF CIRCULATION 
EXPERIMENTAL OCCLUSION OF 
PULMONARY ARTERY 


JOHN H. GIBBON Jr, 
PHILADELPHIA 


M.D. 


Approximately one hundred and forty-two Trendelenburg operations 
for massive pulmonary embolism have been reported, and only nine of 
the patients operated on have left the hospital as cured.* This exceed- 
ingly high mortality is due to the critical condition of the patient and to 
the operative procedure, which entails the complete throttling of the 
great vessels leading from the heart for a brief period. Because of the 
difficulty in diagnosis and the uncertain prognosis, Nystrom ? advised 
postponing the operation until the patient is practically moribund. Then, 
as Churchill * has stated, “the procedure could perhaps be more properly 
termed an immediate postmortem examination than a surgical operation.” 

Nystrom and Blalock* have demonstrated experimentally that 
occlusion of the pulmonary artery alone may be safely maintained for a 
longer period than occlusion of both the pulmonary artery and the aorta. 
Kiser’? found that constriction of the afferent vessels of the heart in 
dogs allows a more prolonged interruption of the circulation to be safely 
carried out than occlusion of both the pulmonary artery and the aorta. 
This observation had previously been made by Lawen and Sievers ê in 
1910. On the basis of their experimental results, Jeger ê in 1913 recom- 
mended compression of the venae cavae rather than the pulmonary artery 
and the aorta in the performance of the Trendelenburg operation. The 


From the Surgical Research Laboratories of the Harvard Medical School at 
the Massachusetts General Hospital. 
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Fig 1. Title page of Dr. Gibbon’s initial experimental 
work on extracorporeal circulation using a cat model 
and pulmonary artery occlusion, published in Arch Surg 
34:1105, 1937. (Copyright 1937, American Medical As- 
sociation. Reproduced with permission from the pub- 
lisher.) 


culation after as much as 39 minutes of ex- 
tracorporeal heart and lung bypass. An account 
of this achievement appeared in the Archives of 
Surgery in 1937 (Fig 1). It is interesting to note 
that the first animal model studied by Dr. Gib- 
bon involved a pulmonary embolus created by 
clamping the pulmonary artery. This is consis- 


tent with the problem that initially attracted his 
curiosity and for which he was driven to seek a 
solution. 

In 1936, Dr. Gibbon moved back to Philadel- 
phia and the University of Pennsylvania, where 
Dr. I. S. Ravdin supported him in his continued 
efforts to do research in extracorporeal circula- 
tion. Dr. Gibbon’s work on the device con- 
tinued until 1942, when it was interrupted by 
the Second World War. By this time he had had 
a number of successes in keeping cats alive on 
extracorporeal circulation, with subsequent 
survival. One of Dr. Gibbon’s subjects is 
pictured contemplating an early heart-lung 
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Fig 2. Early model of the heart-lung machine used dur- 
ing initial work in 1935 to study a cat model of pulmo- 
nary artery occlusion. (From Eloesser L: Milestones in 
chest surgery. ] Thorac Cardiovasc Surg 60:163, 1970. 
Reproduced with permission from the publisher.) 


machine in Figure 2. To appreciate the marvel 
of this accomplishment, one should remember 
that thoracic anesthesia at this time was very 
poorly developed, there were no antibiotics, 
there was no protamine sulfate with which to 
neutralize heparin, and no biomaterials were 
being fabricated for medicine. The components 
that made up the pumps and oxygenators used 
in these experiments were largely fabricated out 
of parts from technologies outside of medicine. 

In 1946, Dr. Gibbon joined the surgical fa- 
culty of Jefferson Medical School in Philadel- 
phia, where he continued to do research in ex- 
tracorporeal circulation. Up to this time his 
primary experimental animal had been the cat, 
because the heart-lung machine that John and 
Mary Gibbon had devised was too small and 
inefficient to support the circulation of a larger 
animal, and also because Dr. Gibbon and other 
researchers had had experience in using cats. 
After the war, however, the Gibbons began to 
tackle the problem of building a device that 





would be able to support larger animals and, 
eventually, human patients. 

Inability to efficiently oxygenate the blood 
had plagued their efforts from the very begin- 
ning. In 1950, they recognized that by produc- 
ing turbulence in the oxygenator circuit they 
could obtain much higher rates of blood oxyge- 
nation. This discovery, which has come to be 
known as the “boundary layer phenomenon” 
in bringing oxygen in contact with red cells, 
greatly improved the efficiency of their 
oxygenator. At the same time, Tom Watson, 
chairman of the board of IBM, became in- 
terested in Dr. Gibbon’s work and gave him 
financial and engineering support to build a 
heart-lung machine on a much more sophisti- 
cated scale. The Gibbons began doing extracor- 
poreal circulation experiments on large dogs 
and performing intracardiac operations with 
survivals. Over a three-year period, the mortal- 
ity rate for these experiments gradually fell from 
80% to 12%. By 1953, they felt satisfactorily 
prepared to proceed to clinical cases. 

The occasion presented itself when an 18- 
year-old girl was hospitalized with right ven- 
tricular failure for the third time in six months 
due to a large atrial septal defect and a large 
left-to-right shunt. This was surgically repaired 
by Dr. Gibbon on May 6, 1953, with a success- 
ful outcome. Total bypass time was 45 minutes, 
and the circulation was supported completely 
for 26 of those minutes. The atrial septal defect 
was closed directly with silk suture. The ex- 
tracorporeal circuit consisted of a roller pump 
and an oxygenator made from stainless steel 
vertical screens over which the blood flowed 
and produced turbulence, thus providing good 
oxygen exchange. The vertical screens were en- 
closed in a plastic shell, and oxygen was intro- 
duced into this closed environment. Coronary 
suction was used to recover the coronary sinus 
blood since the heart continued to beat, and a 
left ventricular vent was used to eliminate the 
risk of air embolus. The patient made an un- 
eventful recovery. 

On September 16, 1953, Dr. Gibbon reported 
his results at a symposium on recent advances 
in cardiovascular physiology and surgery held 
at the University of Minnesota in Minneapolis. 
His manuscript was subsequently published in 


340 


T IS A PLEASURE to be here and to talk 
about a subject in which 1 have been interested 
for many years. The ultimate objective of my 
work in this field has been to be able to operate 
From the 
beginning, I have not only been interested in the 


inside the heart under direct vision. 


substitution of a mechanical device for the heart, 
but also for the lung. We have always considered 
congenital abnormalities of the heart the most 
suitable lesions for operative repair. Many of 

In the 
presence of a septal defect, shunting the flow of 
blood around one side of the heart with a pump, 


these abnormalities are septal defects 


will not provide a bloodless field for operative 
closure of the defect. An apparatus which em- 
bodies a mechanical lung, as well as pumps, en- 
ables you to shunt blood around both the heart 





and lungs, thus allowing operations to be per- 
formed under direct vision in a bloodless feld 
within the opened heart. Furthermore, an appa- 
ratus which embodies a mechanical lung enables 
you to provide partial support to either a failing 
heart or failing lung where a major operative 
procedure is not contemplated. Such an apparatus 
can also be used as an adjunct during the course 
of a major operative procedure, This partial sup- 
port of the cardiorespiratory functions consists in 
removing venous blood from some peripheral 
vein continuously, oxygenating the blood and get 
ting rid of the carbon dioxide in it and then in- 
jecting the blood continuously in a central direc- 
tion in a peripheral artery. Of course, such par- 
tial circulation, or cardiorespiratory support, Te- 
quires the use of a mechanical lung in the circuit 

I shall not describe in detail the entire appara- 
tus. T shall merely discuss six aspects of the prob- 
lem which I consider of fundamental importance. 
Four of these concern the apparatus itself, and 
two concern problems which arise on opening the 
heart and operating within it under direct vision. 

The first feature of a mechanical heart-lung 


Presented in the Symposium on Recent Advances in 
Cardiovascular Physiology and Surgery, University of 
Minnesota, Minneapolis, September 16, 1953 

Dr. Gibbon is Professor of Surgery and Director of 
Surgical Research, The Jefferson Medical College, 
Philadelphia, Pennsylvania. 
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APPLICATION OF A MECHANICAL HEART AND LUNG APPARATUS 
TO CARDIAC SURGERY 


JOHN H. GIBBON, Jr., M.D. 
Philadelphia, Pennsylvania 


apparatus is a suitable pumping mechanism to 
move the venous blood from the subject, through 
the apparatus, and back into an artery of the 
subject. There is no real problem about a pump- 
ing apparatus. There are many ways of moving 
blood through tubing without producing signifi- 
cant amounts of hemolysis. We have used for 
many years a roller type of pump which does not 
contain any internal valves. Such pumps are ex- 
tremely simple. Because of the absence of valves, 
the blood circuit is easy to clean and there are 
no stagnate regions where fibrin might be apt to 
form. There are many other advantages in this 
type of pump such as the simple and rapid control 
of the rate of blood flow. The pumps cause no 
significant hemolysis. In human patients in which 
we have used the apparatus, hemolysis has always 
been well Lelow 100 mg. of free hemoglobin per 
100 ml. of plasma. In animal experiments, 
hemolysis is similarly minimal. 

The second main feature of a mechanical heart- 
lung apparatus is the mechanical lung itself. This 
presents far more difficulties than pumping blood. 
I am sure that the most efficient apparatus for 
performing the functions of the lung has not yet 
been devised. Our present mechanical lung, how- 
ever, provides a reasonably satisfactory working 
solution to this problem. The mechanical lung 
performs the gas exchange required for respira- 
tury function by filming blood on both sides of 
screens which have a somewhat larger mesh than 
ordinary Ay screens. These screens are made of 
stainless steel wire and are suspended vertically 
id parallel in a plastic chamber. As the blood 
flows over these screens, it takes up oxygen and 
gives off carbon dioxide, Tt should be remembered 
that it is equally important to remove carbon di- 
oxide from the blood as it is to add oxygen. It is 
easy to observe that sufficient oxygen is being 
picked up in the apparatus, as the blue blood en- 
tering the oxygenator becomes red as it leaves. 
This determined more accurately, of 
course, by intermittent sampling or by continuous 
reading with a Wood cuvette and oximeter. On 
the other hand, there is no way of estimating the 
carbon dioxide tension by observing the color of 
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Fig 3. Title page of Dr. Gibbon's report on the first suc- 
cessful use of extracorporeal circulation to correct an 
intracardiac congenital malformation atrial septal de- 
fect, published in Minn Med 37:171, 1954. (Reproduced 
with permission from the publisher.) 


Minnesota Medicine in March, 1954 (Fig 3). Al- 
though a great accomplishment, it was not im- 
mediately recognized as the breakthrough it 
was. This was due, in part, to the prevailing 
climate in cardiac surgery. Everyone was eager 
to do intracardiac surgery, and two other tech- 
niques were receiving more attention because 
they were readily available to many of the 


pioneer clinical surgeons who were trying to 
develop a surgical procedure to correct intra- 
cardiac defects. One of these techniques, hy- 
pothermia and inflow occlusion, could give a 
surgeon 8 to 10 minutes to close an atrial septal 
defect, or perhaps a ventricular septal defect. 
This method was first employed successfully by 
Dr. F. John Lewis in September, 1952, and was 
later repeated by Dr. Henry Swan beginning in 
February, 1953. The second technique was 
donor cross-circulation, which was developed 
by Dr. C. Walton Lillehei in Minneapolis and 
was first successfully used by him in the repair 
of tetralogy of Fallot in August, 1954. 
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On March 23, 1955, Dr. John Kirklin of the 
Mayo Clinic used a Gibbon heart-lung machine 
(Mayo-Gibbon heart-lung machine) to which 
he had made substantial modifications to suc- 
cessfully repair an atrial septal defect. This was 
the first in a series of successful applications of 
the technology that eventually established ex- 
tracorporeal circulation as the method of choice 
in performing safe, accurate intracardiac repair 
without tight time constraints. 

John Gibbon’s dream had become a reality. 
His work serves as an important example to 
surgeons who are struggling today with the 
surgical therapies and technologies of tomor- 
row. In reading Dr. Gibbon’s original manu- 
script, one cannot help but marvel at his 
thoughtful dedication and the painstaking 
study of physiology required to apply the tech- 
nology successfully. Dr. Gibbon’s efforts seem 
all the more remarkable considering that for 
most of the 22 years he worked at developing an 
extracorporeal circuit, he was thought by many 
to be wasting his time on something that could 
not succeed. 


The Man 

Dr. Gibbon was a modest man who was dedi- 
cated to both scholarly research and medicine. 
He was a fifth-generation physician; however, 
halfway into his first year of medical school at 


Philadelphia’s Jefferson Medical College, he 
had wanted to quit to become a poet. He was 
convinced by his wiser and more practical 
father to continue pursuing what proved to be a 
prestigious career in medicine. Dr. Gibbon’s 
manuscripts reflect his scholarly attitude to- 
ward writing. 

Dr. Gibbon graduated from Jefferson Medical 
College in 1927. In 1931, he married Mary Hop- 
kinson, who also became his lifelong col- 
laborator in research. He was professor of 
surgery and chairman of the Department of 
Surgery at Jefferson Medical School until his 
retirement in 1967 at the age of 64. He died on 
February 5, 1973, of an apparent heart attack 
during a tennis match. 

John Gibbon led a full and productive life, 
both professionally and as a family man. In his 
later years he devoted more and more of his 
time to teaching, but continued to show inter- 
est in research on extracorporeal circulation and 
to encourage others to study what he still con- 
sidered to be an imperfect substitute for the 
biological heart and lung. He stressed the need 
for more fundamental research on the prop- 
erties of blood and biomaterials. This is chal- 
lenging advice, spoken by a man who knew the 
difficulties of making a fundamental break- 
through and realized the need for understand- 
ing basic physiology to achieve success. 


John H. Gibbon, Jr. 


Part II. Personal Reminiscences 


Anthony R. C. Dobell, M.D. 





John H. Gibbon, Jr. 


ABSTRACT Personal reminiscences from one of 
Dr. John Gibbon’s surgical residents are presented. 
A great attribute of Dr. Gibbon was his mastery of 
words, and he had a major interest in his role as 
editor of Annals of Surgery. He had a vast knowledge 
of all aspects of surgery as well as a deep under- 
standing of the physiology of the human body. His 
approach to surgery was highly intellectual, and 
when he had accomplished one goal, he was ready to 
go on to something new. He and his wife Mary col- 
laborated closely for 42 years, and they had a 
stimulating home life with their four children. He 
was ever young, energetic, and enthusiastic. 


From the Department of Cardiovascular and Thoracic 
Surgery, McGill University, and the Montreal Children’s 
Hospital, Room C 1139, 2300 Tupper St, Montreal, Que, 
Canada H3H 1P3. 


Just about 30 years ago, I became one of Dr. 
Gibbon’s surgical residents, completing the 
training program in general and_ thoracic 
surgery in 1956. I remained on close terms with 
him—recognizing the difference in our ages 
and in our accomplishments—until the end of 
his life. 

In those days at Jefferson Medical College, I 
think Dr. Gibbon’s major interest was the An- 
nals of Surgery, of which he was editor. He had 
a remarkable ability with the English language, 
spoken and written. He read every paper sub- 
mitted to the Annals and dictated a detailed 
critique of each, including not only an evalua- 
tion of the scientific method and of the logic 
employed in reaching the conclusions from the 
results, but also an assessment of the choice of 
figures and tables. He seemed to have many 
ideas on how each paper might be improved, 
and he liked to analyze an original article and 
dictate his opinion to the author, all in 15 min- 
utes. 

I remember this mastery of words as one of 
his great attributes. Another was his deep 
knowledge of and lifelong interest in physiol- 
ogy. When he combined them ina lecture, as he 
was frequently invited to do, the results were 
impressive. He would talk with few slides and 
few notes, and the presentation, which I doubt 
had ever been rehearsed, would come off flaw- 
lessly. The facts were assembled in a fascinating 
manner and tied together to produce a logical 
conclusion that would open the eyes of mem- 
bers of the audience to a better understand- 
ing of some pathophysiological situation. It 
is tempting to liken this approach to a chess 
stratagem, because Dr. Gibbon was an excellent 
chess player. The story was that he had been 
the champion of a certain region of the South 
Pacific during the war and that from time to 
time flights were taken to nearby islands for the 
express purpose of extending the area over 
which he reigned. 

Dr. Gibbon trained with Churchill in Boston 


343 Classic: Dobell: John H. Gibbon, Jr. 


and shared his outlook that surgery is a single 
discipline. His knowledge of surgery was vast, 
crossing the boundaries separating surgical 
specialties like urology and orthopedics. He 
was a great professor in the days when profes- 
sors of surgery still met weekly with the entire 
senior class in an amphitheater presentation. 
Cases would be presented and discussed, and 
the professor would expound. I do not mean to 
suggest that Dr. Gibbon acted the prima donna, 
for this was not the case. He simply had a 
chance to bring his broad knowledge of surgery 
and physiology to the educational advantage of 
students and residents. And he did. 

Surgery to Dr. Gibbon was, perhaps, an in- 
tellectual exercise. He was always interested in 
new ideas and new concepts, and loved to dis- 
cuss them with other surgeons of any age or 
prominence. He was less interested in the sur- 
gical act itself; he had the idea that anyone 
could learn to operate, and he tended to 
downgrade the technique of surgery. Dr. Gib- 
bon himself did an excellent pneumonectomy, 
but he would not thank me for writing this of 
him, for he did not consider technique particu- 
larly praiseworthy. He was an exciting surgeon 
to assist because he liked constant motion. 
Economy of movement was not his virtue. He 
wore running shoes in the operating room, and 
he used them well. 

Many surgeons were undoubtedly surprised 
when Dr. Gibbon did not exploit his first suc- 
cessful operation using a pump-oxygenator to 
do the first large series of open-heart opera- 
tions. This was never his goal. In fact, there was 
little emphasis on heart surgery at Jefferson. 
Few children with congenital heart disease 
were operated upon. We did a number of mitral 
commissurotomies as well as the odd coarcta- 
tion and ductus, but hardly any Blalock or Potts 
shunts. There was no conscious appreciation at 
Jefferson that the last surgical frontier was 
being crossed. No one was thinking of possible 
new applications for open-heart surgery, such 
as ventricular heart disease. 

Perhaps the reason for this lay in the fact that 
the pump-oxygenator was such a personal in- 
strument of Dr. Gibbon’s. It had been made for 
him by IBM, and it was designed to replace the 
heart and lungs as physiologically as possible. 


When that goal was achieved in an operation on 
an 18-year-old girl with atrial septal defect and 
left-to-right shunt, Dr. Gibbon immediately 
announced to the department that he was going 
to interest himself in liver disease. He had 
proved that a pump-oxygenator could support 
human life, so he went on to other things. This 
to him would have been perfectly reasonable. 
After all, any surgeon could sew up holes in the 
heart! 

Dr. Gibbon and his wife Mary functioned as 
a single unit for the 42 years of their life to- 
gether. During the 1930s, she was his major 
collaborator and coauthor on extracorporeal 
circulation experiments 
oxygenator designs were tested on cats. The 
Gibbons were both natural, intellectually curi- 
ous people ready to discuss any new concept. 
There was no pretense and absolutely no pom- 
posity about them. They would listen to any- 
one’s ideas, but they wanted to be near people 
who were thinking. 

All family problems were probably discussed 
with their four children. I remember that their 
collie had once had a leg amputated. Dr. Gib- 
bon explained to me that the dog had had a sar- 
coma, and he had assembled all members of the 
family (the children were in their teens, I think) 
for a round table discussion of the options. All 
six family members presented their views and 
decided jointly that it would be reasonable for 
the collie to undergo amputation. The dog re- 


in which various 


mained a very close family member for years 
thereafter and hopped actively around the Gib- 
bons’ Philadelphia neighborhood, seemingly 
without realizing that a leg was missing. 

The family seemed to be multitalented in an 
artistic sense. At Christmas parties, one child 
would read a poem, while another might do a 
dance. One could sense the creativity within 
the household. Of course Mary Gibbon’s father 
was an artist of national renown, and when Dr. 
Gibbon retired from surgery, he took to art with 
an enthusiasm and vigor that he had earlier 
given to research. His paintings tended to be of 
people, as I recall, because he showed me some 
photographs of them in the late 1960s—but 
they were far from the realist school. They dis- 
played a vivid imagination and a boldness that 
were part of the man. 


344 The Annals of Thoracic Surgery Vol 34 No3 September 1982 


Dr. Gibbon had close friends in the highest 
echelon of surgeons of the world. He enjoyed 
this elite fraternity, because they were inter- 
esting individuals who shared his familiarity 
with research and academic surgery. After the 
first operation with the pump-oxygenator, he 
called one of his old friends, Clarence Crafoord, 
in Stockholm to share news of the accomplish- 
ment with him. 

Incidentally, it might be thought remarkable 
that this young woman’s case history was not 
rapidly placed in the surgical literature. For 
some time, references to the operation ac- 
knowledged a certain issue of The New York 
Times as the bibliographical reference. Then Dr. 


Gibbon described the operation in a talk he 
gave in Minneapolis, and a brief description 
was prepared for Minnesota Medicine. I’m sure 
he knew the significance of the operation. But he 
also knew that the word would get around. As 
an editor, he had never looked kindly on case 
reports, and I think it was this principle that 
prevented him from documenting the achieve- 
ment promptly. 

Dr. Gibbon was a remarkably stimulat- 
ing individual who loved nothing as much 
as a fresh idea. This would invigorate him 
and bring out an electric twinkle in his eye. 
He was ever young, energetic, and enthu- 
siastic. 
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CORRESPONDENCE 


Instrument to Create an 
Atrial Septal Defect 
To the Editor: 


I am writing with reference to the article “A New In- 
strument for Surgical Creation of an Atrial Septal 
Defect” (ASD) by Drs. Morishita and Poirier (Ann 
Thorac Surg 30:543, 1980). Their description of the 
method and the two-part instrument employed are 
quite similar to what I developed in 1974 and pre- 
sented as an original work at the University of Los 
Andes, Mérida, Venezuela. It was published by that 
university and registered in the archives in 1976 [1]. 

The abstract of this experimental work and a 
Super 8 color film were submitted for presentation at 
the VIII World Congress of Cardiology in Tokyo, 
Japan, in 1978. Only the film was accepted, but it 
demonstrated the details of my instrument and the 
technique used to produce an interatrial defect [2]. 

In 1979 at the Chirurgische Universitatsklinik “B” 
in Düsseldorf, West Germany, I continued the ex- 
perimental trials with my instrument. In this work, I 
had the collaboration of Drs. Krian, Arnold, and 
Bircks. During this series of experiments, a new part 
was added to the instrument, making it very easy to 
modify, when necessary, the diameter of the disc to 
be excised from the septum and then to extract it 
from the cutting cylinder. 

The first two experimental instruments were fabri- 
cated in Venezuela. However, to continue the re- 
search projects at the Experimentelle Chirurgische 
Institut Universitats Dtisseldorf with Prof. Dr. Ar- 
nold, and Dr. Krian and Prof. Bircks from the Chirur- 
gische Universitatsklinik, two other instruments 
were made by Firma Skalr Witte, Solingen, West 
Germany, with the support of the Alexander v. 
Humboldt Stiftung. One of these instruments was 
shown in the film demonstration at Tokyo in 1978. 

One of our latest experiments involved 18 animals 
in which septectomy was performed. Because the re- 
sults were successful and encouraging, we decided to 
order my atrioseptectome in a size especially for use 
in newborns with severe cyanotic congenital car- 
diopathy, such as transposition of the great vessels, 
when palliation is indicated. When our manuscript 
with the results of the experimental and clinical ex- 
periences is completed, we will submit it for publi- 
cation. 


José V. Garcia L., M.D. 


Chirurgische Universitatsklinik “B” 
Station C 3 

Moorenstrasse 5 

4 Düsseldorf 1, West Germany 
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Reply 
To the Editor: 


I did the research on a new instrument for creation 
of an ASD with Dr. Poirier in the Department of 
Surgery, State University of New York, Upstate 
Medical Center, Syracuse, New York, when I was a 
research fellow there (September, 1977, till August, 
1979). During my stay in the United States, we sent 
the abstract on this work, in which an instrument for 
creation of an ASD was tested in 21 puppies as an 
acute experiment (Group 1), to the American Heart 
Association in May, 1978; it was not accepted. There- 
after, an attempt was made to create two adjoining 
holes in 9 puppies (Group 2), and a single hole was 
created in 14 puppies which were allowed to triple 
their body weight before they were killed in order to 
allow observation of the effect of growth on ASD size 
(Group 3). After completing the results of these three 
groups, we submitted the paper to The Annals (Ann 
Thorac Surg 30:543, 1980). 

Several instruments have been invented with the 
aim of simplifying the surgical creation of an ASD 
[1-5]. However, these instruments have not attained 
general acceptance. It seems that they are too com- 
plex and have unpredictable long-term results. The 
instrument we designed and tested appears to satisfy 
the necessary criteria of simplicity of form and use. 

Before the production of our instrument, we 
checked the articles published in the English- 
language literature in which similar instruments 
were used for creation of an ASD. We never found 
Dr. Garcia L.’s paper on the work for creation of an 
ASD, and I was not in Japan when he presented this 
work at the VIII World Congress of Cardiology in 
1978. I hope that Dr. V. Garcia L. will complete his 
work and that we will have an opportunity to read 
his paper in English. 


Yasuo Morishita, M.D. 


The Second Department of Surgery 
Kagoshima University School of Medicine 
Usuki-Cho, Kagoshima 890 

Japan 
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- REVIEW OF RECENT BOOKS 


Thoracic and Cardiovascular Surgery: 

Continuing Education Review 

Edwin C. James, M.D., D. Paul Horan, M.D., 

David A. Browdie, M.D., George W. Iwen, M.D., 

and William H. Heydorn, M.D. 

Garden City, NY, Medical Examination Publishing, 1980 
355 pp, $16.50 . 


Reviewed by Richard G. Fosburg, M.D. 


This 355-page paperbound book contains 713 essay 
questions with referenced answers which the au- 
thors suggest will help the resident and candi- 
date prepare for examinations in thoracic surgery. 
The material is organized into seventeen separate 
sections ranging from applied basic sciences to 
anatomical areas (such as chest wall, esophagus, and 
mediastinum) to acquired conditions (such as infec- 
tions, neoplasms, and congenital abnormalities). 
Operative management and complications are simi- 
larly categorized. The index is organized by question 
number in alphabetical fashion. Each answer is ac- 
companied by one or two references, the majority of 
which are from relatively current journal articles. 
The publisher states that “thoracic and cardiovas- 
cular surgeons, and residents in allied medical 
specialties, will find this volume a complete resource 
for updating their knowledge of this field.” I find 
that with a few exceptions, the answers are about a 
paragraph in length and hardly qualify as a “com- 
plete resource.” In many instances, controversial is- 
sues and current technical approaches are confined 
and limited to one viewpoint. For example, question 
326 asks, “Is preoperative radiotherapy or post- 


operative chemotherapy beneficial for patients with 
lung cancer?” The answer cites the Veterans Admin- 
istration Surgical Adjuvant Study Group which 
documents no difference in control and treatment 
groups: “Postoperative chemotherapy with variable 
dosages of nitrogen mustard and Cytoxan failed to 
demonstrate any appreciable difference in survival 
between the treated and controlled groups.” There 
are many who think that this statement is only ap- 
propriate for the two drugs cited and used as single 
agents. Chemotherapy is not discussed further. 

Discussion of the management of aneurysms of the 
thozacic aorta is abbreviated and terse. Acute aortic 
dissection is treated by two questions and one 1970 
reference. Antibiotic therapy and pharmacology are 
notably absent. For example, I found nothing on ni- 
troprusside therapy and afterload reduction. Isch- 
emic mitral regurgitation is also not mentioned. 
Vascular surgical techniques, such as the selection of 
grafts and suture material, are not included nor are 
questions about the current indications and proce- 
dures for vascular problems. 

There are no illustrations, diagrams, charts, or ta- 
bles. The textual information is telegraphic and ab- 
breviated but, in general, hits the highlights. The 
book lends itself to interrupted reading as the mate- 
rial is not extensive or complex. I believe the au- 
thors have failed to update knowledge of this field. 
However, their goal is difficult to achieve. Although I 
am not confident that reading this volume would 
necessarily help me pass a certification examination, 
itis useful in identifying gaps in my knowledge. The 
book covers the field too superficially, but most ex- 
aminations I have taken had the same failing. 


La Jolla, CA 
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$700 per page (for up to six finished illustrations that will fit on one side of a single page), and for 
any additional figures or special effects. Positive 35 mm color transparencies must be submitted for 
evaluation; color prints should not be sent without transparencies. The slides should be packed 
carefully and sent with the manuscript, in a separate container or between two sheets of cardboard. 
(Glass-mounted slides should not be sent through the mail.) 


Authors are referred to Guidelines for Data Reporting (Ann Thorac Surg 24:398, 1977; see also Er- 
ratum, Ann Thorac Surg 25:35, 1978) for appropriate terminology and methods of data analysis to be 
used in submitted manuscripts. Papers with studies and analyses (or needing them) are routinely 
submitted to a biostatistician for critique of statistical methodology and accuracy. 


Obtain and submit with the manuscript written permission to use nonoriginal material (quotations 
exceeding 100 words, any table or illustration) from both author and publisher of the original. 


Reprints should be ordered before publication on the form supplied the author with proofs. Re- 
prints ordered after the press run has been completed will be nravided at increased enst 
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Maintaining the tradition of excellence 


Manual of Medical Care 
of the Surgical Patient 


Second Edition 


Edited by Solamon Papper, M.D., University of Oklahoma College of Medicine; 
and G. Rainey Williams, M.D., University of Oklahoma College of Medicine 


Reflecting an interdisciplinary approach that consolidates 
the expertise of practitioners in internal medicine, surgery, 
anesthesiology, and neurology, MANUAL OF MEDICAL 
CARE OF THE SURGICAL PATIENT, Second Edition, 
is the most current, concise guidebook available today on 
the clinical management of problems encountered in the 
medical care of patients undergoing surgery. 

Thoroughly expanded and revised to present even more 
useful, up-to-date information than the well-known first 
edition, the MANUAL describes in direct and practical 
terms the detection, evaluation, and management of 
medical conditions occurring preoperatively, intraopera- 
tively, and postoperatively in surgical patients. New infor- 
mation has been added, especially in the areas of nutri- 
tion (including hyperalimentation), cardiac surgery, and 
blood transfusion. Of special interest is the separate 
chapter on the use of drugs in surgical patients, including 
a detailed description of indications, contraindications, 
and possible side effects. 

Retaining the clear outline format and updating the infor- 
mation that helped make the first edition so popular, 
MANUAL OF MEDICAL CARE OF THE SURGICAL 
PATIENT, Second Edition, is the ideal handbook for 
medical students, residents, internists, and surgeons. 
Order your copy today on 30-day approval. 


256 pages. Spiralbound, #690481, $13.95 
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Little, Brown and Company 


200 West St., Waltham, MA 02154 


Please send me ____ copy(ies) of Papper and Williams’ MANUAL 
OF MEDICAL CARE OF THE SURGICAL PATIENT, Second Edition, 
#690481, @ $13.95, on 30-day approval. 


Name 


Address 


City 





(P.O. Box numbers MUST be accompanied by a street address.) 


State. Zip 














My check for $ 





[L Please bill me for book(s) plus postage and handling. 


(Outside continental U.S.A., payment must accompany order.) 


is enclosed. 


Publisher pays postage. MA, CA, NY residents please add state sales tax. All orders—pl 


add handling charge 











Please charge to my: 





Acct. # 
Signature 














MasterCard OVISA (Bankamericard) 
Exp. Date ___ 


Total $ billed 








There is a $15.00 minimum on charge orders. All MasterCard and VISA orders are available 
10-day approval only. Publisher pays postage. Please add handling charge 


HANDLING CHARGE 


total order. 


: on all orders, please add 50¢ per book, not to exceed $2.50 
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U A Postoperative 
TON” Y wound 
D hematoma 
g” N can result from 
uncontrolled capillary 
bleeding—especially 
in heparinized patients. 
ai Hemostasis with Thrombostat 
ERRO cael prior to closure, significantly 
reduces the frequency of wound 
hematoma and its sequelae. In a study’ involving 10: 
patients receiving subcutaneous low-dose heparin 
prior to abdominal surgery, 82.4% (42 of 51) of the 
thrombin-treated group were free of any hematoma; while 64.7% 
(33 of 51) of the untreated group developed hematoma. 






1/ Hashemi K, Donaldson LJ, Freeman JW, et al: The use of topical thrombin t 
reduce wound haematoma in patients receiving low-dose heparin. Curr 
Med Res Opin 7:458-462, 1981. 
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Rapidly effective. Thrombostat 
controls capillary oozing in seconds. It can 
clot an equal volume of blood in less than a 
second, or 1000 ml of blood in less than a 
minute in vitro. 


Easy to use. Thrombostat powder can 
be sprinkled on; the solution can be sprayed 
on, or used to flood the oozing surface, or 
an absorbable gelatin sponge* saturated with 
Thrombostat solution may be applied to 
the bleeding area. Thrombostat must not be 
injected. 


Versatile. In a variety of surgical 
procedures, including vascular, plastic, burn, 
abdominal, gynecologic, orthopedic, or 
neurosurgery, Thrombostat is a valuable aid 
to hemostasis wherever oozing blood from 
capillaries and small venules is accessible. 


*Consult the absorbable gelatin sponge (Gelfoam®, Upjohn) product labeling for com- 
c Į is p C 
plete information prior to utilizing the thrombin-saturated sponge procedure. 
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THROMBOSTAT ™ (Thrombin, USP) Bovine Origin 

Before prescribing, please see full prescribing information 
A Brief Summary follows 
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Much of the success of surge! 
depends on you... 


part of your patients’ recover 
may depend on the antibiotic 
you choose 


Note: Mandol should be given cautiously to penicillin-sensitive patients and is 
contraindicated in patients with known allergy to cephalosporins. 


“In patients undergoing surgical procedures that are classified as contaminated or potentially 
contaminated (e.g., cholecystectomy in high-risk patients, such as those with acute cholecys- 
titis, obstructive jaundice, or common-duct gallstones; appendectomy; gastrointestinal surgery 
cesarean section; and vaginal hysterectomy), the administration of Mando! preoperatively 
intraoperatively, and postoperatively may reduce the incidence of certain postoperative 
infections. 

In major surgery in which the incidence of postoperative Infection is low but infection is serious 
if it does occur (cardiovascular surgery, neurosurgery, or prosthetic arthroplasty), Mandol may 
be effective in preventing such infections. 

The perioperative use of Mandol should be discontinued after 24 hours; however, in prosthetic 
arthroplasty, it is recommended that administration be continued for 72 hours. If there are 
signs of infection, specimens for culture should be obtained for the identification of the causa- 
tive organism so that appropriate therapy may be instituted. 


See the following page for summary of prescribing informati 


MANDOL v/v 
Cefamandole Nafare 


Brief Summary. Consult the package literature for prescribing information. 


Indications and Usage: Preventive Therapy—The administration of Mando! preoperatively, in- 
traoperatively, and postoperatively may reduce the incidence of certain postoperative infections in patients 
undergoing surgical procedures that are classified as contaminated or potentially contaminated (e.g., 
gastrointestinal surgery, cesarean section, vaginal hysterectomy, or cholecystectomy in high-risk patients 
such as those with acute cholecystitis, obstructive jaundice, or common-bile-duct stones). 

In major surgery in which the risk of postoperative infection is low but serious (cardiovascular surgery, 
neurosurgery, or prosthetic arthroplasty), Mando! may be effective in preventing such infections. 

The perioperative use of Mando! should be discontinued after 24 nours; however, in prosthetic 
arthroplasty, it is recommended that administration be continued for 72 hours. If signs of infection occur, 
specimens for culture should be obtained for identification of the causative organism so that appropriate 
antibiotic therapy may be instituted 


Contraindication: Mando! is contraindicated in patients with known allergy to the cephalosporin group of 
antibiotics. 


Warmings: BEFORE THERAPY WITH MANDOL IS INSTITUTED, CAREFUL INQUIRY SHOULD BE MADE 10 DETERMINE WHETHER THE PATIENT HAS 
HAD PREVIOUS HYPERSENSITIVITY REACTIONS TO CEPHALOSPORINS, PENICILLINS, OR OTHER DRUGS, THIS PRODUCT SHOULD BE GIVEN 
CAUTIOUSLY TO PENICILLIN-SENSITIVE PATIENTS. ANTIBIOTICS SHOULD BE ADMINISTERED WITH CAUTION TO ANY PATIENT WHO HAS 
DEMONSTRATED SOME-FORM OF ALLERGY, PARTICULARLY TO DRUGS. SERIOUS ACUTE HYPERSENSITIVITY REACTIONS MAY REQUIRE EPINEPHRINE 
AND OTHER EMERGENCY MEASURES. 

In newborn infants, accumulation of other cephalosporin-class antibiotics (with resulting prolongation 
of drug half-life) has been reported 


Precautions: Although Mando! rarely produces alteration in kidney function, evaluation of renal status is 
recommended, especially in seriously ill patients receiving maximum doses. 

Prolonged use of Mando! may result in the overgrowth of nonsusceptible organisms. Careful 
observation of the patient is essential. If superinfection occurs during therapy, appropriate measures should 
be taken. 

Nephrotoxicity has been reported following concomitant administration of aminoglycoside antibiotics 
and cephalosporins. 

A false-positive reaction for glucose in the urine may occur with Benedict's or Fehling's solution or with 
Clinitest® tablets but not with Tes-Tape® (Glucose Enzymatic Test Strip, USP Lilly). There may be a 
false-positive test for proteinuria with acid and denaturization-precipitation tests. 

As with other broad-spectrum antibiotics, hypoprothrombinemia, with or without bleeding, has been 
reported rarely, but it has been promptly reversed by administration of vitamin K. Such episodes usually 
have occurred in elderly, debilitated, or otherwise compromised patients with deficient stores of vitamin K 
Treatment of such individuals with antibiotics possessing significant gram-negative and/or anaerobic 
activity is thought to alter the number and/or type of intestinal bacterial flora, with consequent reduction in 
synthesis of vitamin K. Prophylactic administration of vitamin K may be indicated in such patients, 
especially when intestinal sterilization and surgical procedures are performed 

In a few patients receiving Mandol, nausea, vomiting, and vasomotor instability with hypotension and 
peripheral vasodilatation occurred following the ingestion of ethano! 

Cefamandole inhibits the enzyme acetaldehyde dehydrogenase in laboratory animals. This causes 
accumulation of acetaldehyde when ethanol is administered concomitantly. 

Usage in Pregnancy — Safety of this product for use during pregnancy has not been established 

Usage in Infancy —Mandol has been effectively used in this age group. but all laboratory parameters 
have not been extensively studied in infants between one and six months of age; safety of this product has 
Not been established in prematures and infants under one month of age. Therefore, it Mandol is 
administered to infants, the physician should determine whether the potential benefits outweigh the 
possible risks involved. 

Adverse Reactions: Hypersensitivity —Maculopapular rash, urticaria, eosinophilia, and drug fever 
have been reported. These reactions are more likely to occur in patients with a history of allergy, particularly 
to penicillin. 

Blood —Thrombocytopenia has been reported rarely, Neutropenia has been reported, especially in long 
courses of treatment. Some individuals have developed positive direct Coombs’ tests during treatment with 
the cephalosporin antibiotics. 

Liver — Transient rise in SGOT, SGPT, and alkaline phosphatase levels has been noted 

Kidney —Decreased creatinine clearance has been reported in patients with prior renal impairment. As 
with some other cephalosporins, transitory elevations of BUN have occasionally been observed with 
Mandol; their frequency increases in patients over 50 years of age. In some of these cases, there was also a 
mild increase in serum creatinine. 

Local Reactions —Pain on intramuscular injection is infrequent. Thrombophlebitis occurs rarely. 
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Additional information available to the profession on request. 
Lilly Eli Lilly and Company « Indianapolis, Indiana 46285 
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CLASSIFIED ADS 


Classified ads for meeting announcements, postgraduate 
courses, and positions wanted or available must relate only 
to the thoracic and cardiovascular surgical specialties. All 
ads are subject to the approval of the Editor, and material 
deemed inappropriate for publication in The Annals will be 
rejected. The charge for all classified advertising is $25.00 
per 50 words per issue. Prepayment is required. 

Please submit full information with each ad, including 
name, address, and telephone number of contact person. If 
anonymity is desired when advertising a position wanted 
or available, please indicate this at the time of submission 
and a code number will be assigned. All responses received 
will remain confidential in the publisher's office and will be 
conveyed to the advertiser shortly after receipt. 

Ads must be submitted no later than eight weeks prior to 
the publication month of the desired issue. Send ad and 
nonrefundable check (in the amount of $25 for every 50 
words times the number of issues the ad is to run), payable 
to The Annals of Thoracic Surgery, 400 North Ingalls, Box 
050, University Hospital, Ann Arbor, MI 48109. 


Please note that The Annals does not function as a placement 
service and cannot provide information on advertised po- 
sitions. When answering advertisements, please write indi- 
vidually to each advertiser you wish to contact, using the 
address given in the ad. 


SITUATIONS WANTED 





Cardiovascular surgeon, 32, ABIM, ABS pending, currently 
training in major heart surgery center, desires position in 
growing private practice in July, 1983. Will consider any 
geographical area but association must lead to full partner- 
ship within three years. Clinical research interests. 


Please respond to W-317, The Annals of Thoracic Surgery, 
34 Beacon St, Boston, MA 02106. 





Experienced cardiac anesthesiologists now in major univer- 
sity center desire full-time cardiac/vascular/thoracic private 
anesthesia practice. Board certified; recipients of top car- 
diac anesthesia fellowships; ages, under 40 years. Ready to 
provide year-round, 24-hour expert coverage for busy, 
quality-oriented cardiovascular and thoracic surgery group. 


Please respond to W-321, The Annals of Thoracic Surgery, 
34 Beacon St, Boston, MA 02106. 





Cardiothoracic surgeon, 36, ABS/ABTS. Trained in major 
university center, with one year of experience as attending 
surgeon. Seeking position preferably with academic affilia- 
tion and opportunity for pediatric cardiothoracic surgery. 


Please respond to W-322, The Annals of Thoracic Surgery, 
34 Beacon St, Boston, MA 02106. 





Thoracic and cardiovascular surgeon, 35, ABS/ABTS eligi- 
ble, trained in university center, seeks private practice op- 
portunity with or without academic affiliation. No geo- 
graphical preference. Curriculum vitae and references upon 
request. Available January, 1983. 


Please respond to W-323, The Annals of Thoracic Surgery, 
34 Beacon St, Boston, MA 02106. 





Cardiothoracic and vascular surgeon, 32, ABS/ABTS eligi- 
ble, seeks position. University trained with exceptional 
pediatric experience. Interest in clinical research. All loca- 
tions considered. Available July, 1983. 


Please respond to W-324, The Annals of Thoracic Surgery, 
34 Beacon St, Boston, MA 02106. 








Thoracic and cardiovascular surgeon, 36, ABS/ABTS, uni- 
versity trained, would like to relocate; association must lead 
to a partnership. Qualifications include two years of resi- 
dency, one year of fellowship, and over two years of very 
busy practice in a balanced service. Available any time. 


Please respond to W-325, The Annals of Thoracic Surgery, 
34 Beacon St, Boston, MA 02106. 





Cardiac surgeon, ABS/ ABTS, West Coast university trained 
with one-year fellowship including transplantation, now 
completing six-month fellowship in pediatric congenital 
cardiac surgery. Interested in university or private practice 
position in cardiac surgery. Open to all geographic areas. 
Curriculum vitae available upon request. 


Please respond to W-326, The Annals of Thoracic Surgery, 
34 Beacon St, Boston, MA 02106. : 





Cardiothoracic surgeon, 33, ABS/ABTS, seeks position in 
private practice in the southern California area. Well 
trained in major university center with very active clinical 
service. Excellent references, training, experience, and re- 
sults. Curriculum vitae available on request. 


Please respond to W-327, The Annals of Thoracic Surgery, 
34 Beacon St, Boston, MA 02106. 





SITUATIONS AVAILABLE 





Fellowship in pediatric cardiovascular and thoracic 
surgery. One-year program beginning July 1, 1982, and 
January 1, 1983, includes emergency newborn surgery as 
well as elective closed and open cardiac surgical procedures 
(250 to 300 cases per year). 


Please respond with curriculum vitae to A-293, The Annals 
of Thoracic Surgery, 34 Beacon St, Boston, MA 02106. 





Board-certified or eligible thoracic-cardiovascular surgeon 
wanted by 20-doctor multispecialty group located in central 
Florida. Candidate will complement two other thoracic- 
cardiovascular surgeons. Excellent location and benefits 
make this opening extremely attractive. 


Contact Richard L. Cassady, M.D., Gessler Clinic, P.A., 635 
First St, N, Winter Haven, FL 33880; tel: (813) 294-0670. 





Special Fellowships in cardiac surgery available at Cleve- 
land Clinic Foundation. Positions offer extensive surgical 
and clinical experience. Emphasis on acquired heart dis- 
ease. 


Please respond with curriculum vitae to Floyd D. Loop, 
M.D., Chairman, Department of Thoracic and Cardiovas- 
cular Surgery, Cleveland Clinic Foundation, 9500 Euclid 
Ave, Cleveland, OH 44106. 





Fellowship in thoracic surgery available annually at M. D. 
Anderson Hospital, Houston, TX, beginning July 1, 1983. 
This program concentrates primarily on thoracic surgical 
oncology, and deals with a large variety of pulmonary, 
mediastinal, esophageal, and noncardiac vascular cases. 
One-year clinical fellowship certified by M. D. Anderson 
Hospital and Tumor Institute. Two-year programs available 
for candidates desiring research and further academic op- 
portunity. Minimum requirements for applicants are board 
certification or eligibility in general surgery. 


Apply to Dr. Clifton F. Mountain, Department of Thoracic 
Surgery, M. D. Anderson Hospital, 6723 Bertner Ave, 
Houston, TX 77030. 








Private practice opportunity for cardiovascular surgeon. 
Assist in developing and organizing a new cardiac surgery 
program in 280-bed hospital. Two years of demonstrably 
good experience required. Rocky Mountain location. 


Please send curriculum vitae and references to A-380, The 
Annals of Thoracic Surgery, 34 Beacon St, Boston, MA 
02106. 





Cardiothoracic surgeon wanted to start new cardiac surgery 
program in university-affiliated community hospital in the 
Northeast. Program approved by HSC and state. Applicants 
must be board certified or eligible. Some practice experi- 
ence preferred. Position available immediately. 


Please respond with curriculum vitae to A-382, The Annals 
of Thoracic Surgery, 34 Beacon St, Boston, MA 02106. 





Experienced, board certified cardiovascular surgeon 
wanted to join active three-member midwestern group 
doing general thoracic, open-heart, and peripheral vascular 
surgery. Preference given to an assistant professor or as- 
sociate professor in an active thoracic clinic and with inter- 
est in research and writing. 


Please respond with curriculum vitae to A-386, The Annals 
of Thoracic Surgery, 34 Beacon St, Boston, MA 02106. 





Cardiovascular and thoracic surgeon seeking board eligible 
or certified candidate for partnership, to begin in near fu- 
ture. Associated with growing cardiac program located in 
the Southeast. 


Please respond with curriculum vitae to A-388, The Annals 
of Thoracic Surgery, 34 Beacon St, Boston, MA 02106. 





General thoracic surgical group in suburban Boston seeks 
new associate. Must be board certified or eligible. 


Please submit resume and curriculum vitae to A-390, The 
Annals of Thoracic Surgery, 34 Beacon St, Boston, MA 
02106. 





Cardiac surgeon wanted to join newly established program 
in Intermountain West. 


Please send curriculum vitae and inquiries to A-391, The 
Annals of Thoracic Surgery, 34 Beacon St, Boston, MA 
02106. 





Cardiovascular and thoracic surgeon needed to join busy, 
private group practice; predominately open-heart but also 
thoracic and vascular surgery. Midwestern location. Would 
prefer recent graduate. 


Please respond to A-392, The Annals of Thoracic Surgery, 34 
Beacon St, Boston, MA 02106. 





Board certified or eligible thoracic surgeon wanted to join 
three-man corporation in Pittsburgh, PA. Peripheral vas- 
cular, general thoracic, pacemaker, and open-heart surgical 
expertise required. 


Please send curriculum vitae to M. L. Cohen, M.D., 4815 
Liberty Ave, Pittsburgh, PA 15224; tel: (412) 683-2533. 





Cardiovascular surgeon wanted for adult open-heart ser- 
vice. Clinical research opportunity. Position is full-time, 
salaried, one-year appointment with career potential. Can- 
didates must be ABTS certified or eligible. 


Please send curriculum vitae to A-394, The Annals of 
Thoracic Surgery, 34 Beacon St, Boston, MA 02106. 





A-32 





Opportunity for cardiac surgeon in small group private 
practice. Tertiary referral center with active teaching pro- 
gram and fully equipped hospital, including advanced lab 
facilities, CT scanner, oncology program, cath lab, cardiac 
surgery, neurosurgery, dialysis, and other facilities, with a 
service area of 300,000 or more. Unspoiled university city 
on Lake Superior offers outstanding recreational oppor- 
tunities. 


Please contact J. C. Wojcik, M.D., Chairman, Recruitment 
Committee, Marquette General Hospital, 420 W Magnetic 
St, Marquette, MI 49833; tel: (906) 228-9440, ext. 434. 





Board certified thoracic and vascular surgeon needed to join 
very busy three-man group in central Florida. Extensive 
vascular experience desirable, including pacemakers and 
dialysis access. Large multifaceted hospital setting in prime 
area. 


Respond with curriculum vitae to A-398, The Annals of 
Thoracic Surgery, 34 Beacon St, Boston, MA 02106. 





Active cardiac and general thoracic surgery group in 
Pennsylvania looking for associate. Opportunity available 
immediately. Private, hospital-based practice. 


Please respond to A-399, The Annals of Thoracic Surgery, 34 
Beacon St, Boston, MA 02106. 





Established multispecialty group of 50 physicians is seek- 
ing a cardiovascular surgeon to join an active cardiology 
department consisting of two recently trained board 
certified invasive cardiologists. The new group medical fa- 
cility and adjoining 181-bed, university-affiliated teaching 
hospital are initiating a cardiovascular surgery program. 
Candidates must be board certified, and postresidency ex- 
perience is desirable. Competitive salary and excellent 
benefits. Attractive community of 132,000 with three uni- 
versities offers fine cultural and recreational opportunities. 


Send curriculum vitae to Larry Solberg, Administrator, 
Dakota Clinic, Ltd., Box 6001, Fargo, ND 58108; tel: (701) 
280-3300. 





Unexpected opportunity for thoracic and cardiovascular 
fellowship at 545-bed teaching institution located in the 
metropolitan New York area. An equal opportunity/ 
affirmative action employer. 


Please respond to A-401, The Annals of Thoracic Surgery, 34 
Beacon St, Boston, MA 02106. 





Cardiovascular surgeon wanted for full-time academic po- 
sition in adult cardiac and thoracic surgery. Must be ABTS 
certified or eligible. Excellent opportunity for young sur- 
geon with interest in research. 


Apply to Michael D. Yarnoz, M.D., Director, Division of 
Cardiothoracic Surgery, University of South Florida College 
of Medicine, 12901 N 30th St, MDC 16, Tampa, FL 33612. 





Board certified surgeon wanted to join two others in busy 
southern California practice of noncardiac thoracic surgery. 


Please send curriculum vitae to A-403, The Annals of 
Thoracic Surgery, 34 Beacon St, Boston, MA 02106. 





Thoracic and vascular surgical group in southern New En- 
gland seeks ABTS eligible or certified surgeon. Extensive 
vascular training and experience required. 


Please respond with curriculum vitae to A-404, The Annals 
of Thoracic Surgery, 34 Beacon St, Boston, MA 02106. 








One-year appointment available in adult and pediatric 
open-heart surgery, starting July, 1983. Excellent opportu- 
nity to join an active program in a stimulating overseas set- 
ting. 


Apply to Prof. B. A. Vidne, Head of Thoracic and Car- 
diovascular Surgery, Tel-Aviv Medical Center, Ichilov Hos- 
pital, 6 Weizman St, Tel-Aviv, Israel. 





House staff position available July 1, 1983. A one-year 
training program, with major clinical responsibility, in the 
technologies and subspecialties of cardiothoracic surgery. 
This program is designed to prepare the candidate with the 
tools and technology he or she will need in thoracic surgery 
training. Detailed practical and theoretical experience is 
provided in extracorporeal circulation, cardiac catheteriza- 
tion, medical instrumentation, coagulation, pulmonary 
function laboratory studies, anesthesiology, and critical 
care. The program includes an elective period and offers 
opportunities to participate in cardiovascular research 
projects. Applicants must have completed training and 
be board eligible in general surgery, with plans to pursue 
formal training in thoracic surgery. 


For further information, contact Lynne Day, Department of 
Cardiovascular Surgery, Presbyterian Hospital, PO Box 
7999, San Francisco, CA 94120; tel: (415) 563-2954. 





Fellowship in thoracic and cardiovascular surgery. Excel- 
lent opportunity for physicians who are licensed or eligible 
in New Jersey. Minimum salary of $30,000 or more, de- 
pending on experience, along with benefit package. An 
equal opportunity/affirmative action employer. 


Apply to Chief, Department of Surgery, Deborah Heart & 
Lung Center, Browns Mills, NJ 08015. 





Thoracic/cardiovascular fellowship available at Nassau 
Hospital, to begin as soon as possible. This 530-bed Long 
Island teaching hospital has ultramodern cardiac surgical 
facilities. Training covers a large variety of cardiac, thoracic 
and peripheral vascular cases. Applicants should be board 
certified or eligible in general surgery. An equal opportu- 
nity employer (M/F). 


Apply to Dr. M. Mohtashemi, Chairman, Thoracic and Car- 
diovascular Department, Nassau Hospital, 259 First St, 
Mineola, Long Island, NY 11501. 








“il 
NOTICE 


The Children’s Hospital of Los Angeles will 
present the Third Clinical Conference on 
Congenital Heart Disease on January 14-15, 
1983, at the Ambassador Hotel in Los An- 
geles. The conference will deal with right- 
sided obstructive lesions, including tetralogy 
of Fallot, pulmonary atresia, and tricuspid 
atresia. 


The guest faculty includes: 


Frederick O. Bowman, Jr., New York City 
Paul A. Ebert, San Francisco 

Robert M. Freedom, Toronto 

William W. L. Glenn, New Haven, CT 
Dwight C. McGoon, Mayo Clinic 
Herbert D. Ruttenberg, Salt Lake City 
Jane Somerville, London 


For details, please contact Bernard L. Tucker, 
M.D., 1136 W Sixth St, Los Angeles, CA 


90017. 

















INSTRUCTOR 


CARDIAC 
SURGERY 


Ideal opportunity for individual 
anticipating training in cardio- 
vascular surgery. One-year 


appointment at Instructor level 
in new, rapidly expanding uni- 
versity cardiac surgery pro- 


gram. Responsibility commensu- 
rate with qualifications. Salary 
$45,000 plus benefits. 


Respond to Alan J. Spotnitz, 
M.D., Assistant Professor, UMD- 
Rutgers Medical School, Aca- 
demic Health Sciences Center, 
CN-19, New Brunswick, NJ 08903. 


University Of Medicine 


And Dentistry 
Of New Jersey 


Equal Opportunity/Affirmative Action Employer M/F 





CARDIOTHORACIC SURGEON 


The Department of Surgery in the School of 
Medicine at the University of Colorado 
Health Sciences Center is seeking a sur- 
geon with expertise in adult cardiovascular 
and thoracic surgery. Only candidates who 
are board eligible or certified in both general 
and thoracic surgery will be considered. 
Preference will be given to candidates with 
teaching, clinical, and research interests 
and experience beyond residency in car- 
diovascular thoracic surgery. The position 
will be as an Assistant or Associate Profes- 
sor of Surgery depending upon qualifica- 
tions, and will include a joint appointment 


as Chief of Cardiothoracic Surgery at the 
nearby Denver VA Medical Center. 

The salary is negotiable, and an incentive 
bonus applies. Minorities and women are 
especially encouraged to apply. The Univer- 
sity of Colorado is an equal opportunity/ 
affirmative action employer. 


Send curriculum vitae and bibliography to: 


David R. Clarke, M.D. 

Chief, Cardiac Surgery (C-310) 

School of Medicine 

University of Colorado Health Sciences Center 
4200 E 9th Ave 

Denver, CO 80262 
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Cordis Sequicor 0 


_ Automatic DDD Cardiac Pacer _ 
with Retrograde Conduction Protection 


Adjustable Atrial Maintains full DDD function 
Refractory Periods while avoiding synchronization 
with retrograde conduction. 





Automatic DDD Mode Allows A-V synchrony 
to be maintained for maximum 
hemodynamic benefit. 


Four Programmable Optimizes ventricular filling. 
A-V Delays 


*Under clinical evaluation 


cordis. 


© Cordis Corporation 1982 Post Office Box 525700 Miami, Florida 33152-5700 U.S.A. Telephone: 800-327-2490 


Cordis Sequicor Technical Information. INDEX TO ADVERTISERS 


Sequicor, Model 233D Programmable Parameters 


Modes DDD, DVI, DAD, VDD, VAT,VVI, DOO, VET* VOO 

Minimum Pacing Rate, (Interval) 50 (1200), 60 (1000), 70 (857), 80 (750) 

Maximum Pacing Rate (Interval) 100 (600), 130 (461), 160 (375), 180 (333) Shil I 

Atrial Sensitivity, (mV) 0.8, 1.5, 7.0, OFF iey inc. 

Ventricular Sensitivity, (mV) 0.8, 1.5, 2.5, OFF S100A Oxygenator Cover 2, A-1 
Atrial Output Pulse Duration, (ms) OFF, 0.5, 1.0, 1.5, 

Ventricular Output Pulse Duration, (ms) 0.5, 1.0, 1.5, 2.0, Intermedi 

AIV Delay (ms) t 80, 120, 165, 250 Polyfl or. Inc. n 

Atrial Tachycardia Response Fall Back, 2:1 Block olyflex Silicone Lead A-2 

Fall Back Rate (Interval) 55 (1.090), 65 (932), 75 (800), 85 (706) 


W. L. Gore & Associates, Inc. 
e R — — —_—_—_RR_— Gore-Tex A-4 
Sequicor Nonprogrammable Parameters 

Cordis Corporation 


Output Current mA Output Voltage Pace Limit Encor Leads A-6 
Atrial 55 4.2 195 ppm 7 
Ventricular 5.5 4.2 195 ppm Critikon, Inc. 


Cerebral Function Monitor A-8, A-9 


Other Specifications n 
American Edwards Laboratories 
Radiopètjuė Heart Valve Holder A-10, A-11 
Weight Dimensions Specific Gravity Identification E.R.T. 
76gm 69x56x14mm 1.9 HG 4%Rate Decrease Medtronic, Inc. 


Pacemaker A-14, A-15, A-16 





Power Source: 2 Lithium Cupric Sulfide Cells 
Carolina Medical Electronics, Inc. 


SEE 
Sequicor Refractory Periods Dopsan, dre 

















Atrial Total Toti AN Toral Ana Axiom Medical Inc. 
rial ota ota! efractory aaee 
Tachycardia Maximum Atrial Ventricular Programmed Following the Mediastinal Sump A-37 
Response Rate Refractory Refractory Delayt Ventricle Pulse 
2:1 Block 100ppm 600 ms 302 ms 80 ms 520 ms Searle Life Support Systems 
120 be Oxygen Monitoring System Cover 4 
250 350 : 
Intermedics, Inc. 
130ppm 461ms 302 ms 80 ms 381 ms Avi : 
120 341 vius insert, text 
165 296 
250 211 Parke-Davis 
160ppm 375ms  302ms 80 ms 295 ms Thrombostat A-24, A-25 
120 255 
165 210 eye 
250 125 Eli Lilly and Company 
180ppm 333 ms 302 ms 80 ms 253 ms Mandol A-28, A-29, A-30 
120 213 : 
165 168 Cordis Corporation 
250 83 Sequicor Pacer A-34, A-35, A-36 
Any Any 
Fall Back Maximum 305ms 302 ms 80 ms 225 ms ; 
aek Aae 420 rs Bentley Laboratories 
165 140 Oxygenators A-38, Cover 3 
250 55 
* VET—Ventricular overdrive (ventricles externally triggered) Cardiac Pacemakers A 
t During ventricular overdrive (VET), A-V delay = 6 to 20 ms Ultra I A-12, A-13 , Inc 
Important Information 
Indications 
The Cordis Model 233D Sequicor 8 (Theta) pacer is a two-channel pacer intended for 
permanent, two-chamber cardiac pacing. Advertising Representative 
Adverse Effects ‘ 5 
The following list includes a number of complications related to pacer therapy that Ronald Park Davis, Inc. 
have been reported in the medical literature. Noninvasive techniques for assessing PO Box 643 
and managing such complications are available to the physician. Malfunctions occur Ridgewood NJ 07451 
randomly and may occur at any time after implantation. f 
4 M r p (201) 444-8660 


Complications Associated with Pacer Therapy 

Pacer — battery depletion, component malfunction, electromagnetic interference, 
decreased sensitivity 

Lead — unsatisfactory electrode position, fracture displacement, penetration/ 
perforation of heart wall, faulty connection with pacer 

Body — reaction, infection/erosion, increase in stimulation threshold 
Contraindications 

Atrial-synchronized ventricular pacing and DDD sequential pacing modes are 
contraindicated for use in the presence of chronic atrial flutter or atrial fibrillation. 
If these conditions are demonstrated, atrial sensitivity can be programmed “off” 
to anonatrial sensing mode such as VVI. 

Caution: Investigational device. Limited by Federal (U.S.A.) law to investigational 
use, 
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NOW YOU CAN: 


REDUCE POSTOPERATIVE BLEEDING 

ELIMINATE CATHETER INDUCED “GRAFT DISTURBANCE” 
ELIMINATE PAINFUL AND TRAUMATIC MILKING 
ELIMINATE CLOGGED AND BLOCKED DRAINS 

AND.... 


Save time for your nurses 
and money for your patients 


FOR FREE SAMPLE CONTAC 


AXIOM MEDICAL INC 
7625 ROSECRANS BLVD. 
PARAMOUNT, CA 90723 
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Performance 


Performance is a quality. Measured by consistent results. 
A burning obsession to be the best. And a touch of that special 
something that sets winners apart from the pack. It’s true in any 
race worth running. And it is true for Bentley BOS oxygenators. 

Bentley oxygenators have performed time after time, 
in well over one million clinical heart procedures. Yet since 
we introduced the original BOS oxygenator in 1977, we’ve 
listened and responded to your changing needs to keep our 
products on the leading edge of technology. We developed 
unidirectional flow to improve gas/blood mixing, tempera- 
ture control, and defoaming with minimum blood trauma. 
We reduced dynamic priming volume to reduce patient cost 
and minimize the hazards of hemodilution. And we optimized 
heat exchanger efficiency with our countercurrent water/blood 
flow system. 

The result: consistent, dependable, unexcelled performance. 
Performance you've rewarded by making Bentley BOS oxy- 
genators the undisputed worldwide leader. 


BENTLEY LABORATORIES 





New 

In-Line Oxygen 
Monitoring 
System 


for Open Heart Surgery 


Continuous pO, Monitoring 


Clarke type Sensor 
e Arterial or Venous 
e Temperature 
e Real Time 
e pO, 


Write or Call for 
Technical Specifications 


SEARLE 


Searle Life Support Systems 
Searle Medical Products USA Inc. 
3942 Irving Boulevard 

Dallas, Texas 75247 

In Texas 214-631-7017 

Toll Free 1-800-527-1151 
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Bentley oxygenators have performed time after time, 
in well over one million clinical heart procedures. Yet since 
we introduced the original BOS oxygenator in 1977, we’ve 
listened and responded to your changing needs to keep our 
products on the leading edge of technology. We developed 
unidirectional flow to improve gas/blood mixing, tempera- 
ture control, and defoaming with minimum blood trauma. 
We reduced dynamic priming volume to reduce patient cost 
and minimize the hazards of hemodilution. And we optimized 
heat exchanger efficiency with our countercurrent water/blood 
flow system. 
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genators the undisputed worldwide leader. 
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jany surgeons prefer the use of a 
ouble-lumen endobronchial tube] 

to effect one lung ventilation so that 
e operated lung is ‘silent’ for better 
rgical exposure." 


addition to providing an improved field, double-lumen tubes 4 


prmit complete isolation of the diseased lung to help protect 
jainst contamination of the healthy lung when unilateral 
Imonary infection or hemorrhagic lesion is involved. 
Because one lung is immobile, a quieter surgical field is 
esented and trauma to lung tissue from excessive 
traction is reduced.? 

In the past, there was some concern about unrecog- 
zed hypoxemia during thoracotomy with ventilation of 

st one lung, but numerous studies indicate that this 

ar is largely unjustified in most cases.? 

For more information about the advantages of 
buble-lumen tubes in thoracic surgery, write or 
RII NCC for “Special Case #3: Selective Lung 
entilation: It will be mailed to you free of charge. 

e package insert prior to use. 


OR MORE INFORMATION 
all 800-833-8842 and 
bk for Sandy Mcintosh. 


CC Division Aa ON 
allinckrodt, Inc. eer. 
BO Dix Avenue 

lens Falls, New York 12801 
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Use of a double-lumen endo- 
bronchial tube in thoracotomy 
helps provide better surgical 
access and a quieter field, 
permits complete isolation of 
the diseased lung and helps 
protect against damage due to 
excessive retraction. 
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jigned by Surgeons 

cardiovascular surgeons developed THORA-KLEX to 
ove chest drainage technique. THORA-KLEX does 
thing your present system does — but much more 
y and with much less nursing time. 


Water Needed 

iique valve system replaces the water, simplifying pres- 
setting, and helps assure patient's safety. The one-way 
e helps protect the patient against backflow and exces- 
positive pressure. The U-tube indicates air leaks and 
iiratory dynamics. It is simple, safe and convenient for 
ant, physician and nurse. 


nple, Safe, Convenient 
se it is waterless, THORA-KLEX requires less mainte- 


ce and is quieter than other systems. It is compact, helps 


ect the patient from excessive negative pressure and is 
yosable. 
Davol Inc 


Subsidiary of C.R. Bard, Inc 
Cranston, RI 02920 
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Innovators in Chest Drainage 
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Davol Provides In-Service Training 
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With our guidance, your staff can become completely famil- 
iar with THORA-KLEX in just one short session. Get in touch 


with us today and let us tell you more. 


For more information. . . 
or to order 

Phone 800-556-6756, ext. 433, 
or mail the coupon below. 


THORA-KLEX is a trademark of 
C.R. Bard, Inc 
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Whatever your patient sets his mind to, 
Enertrax sets its pace to. 





Introducing 


Enertrax: 


The smallest, most programmable physiologic 
pacemaker, with the useful followup you want. 


You want your patient with a 
healthy sinus node to lead a life 
limited only by his imagination, 
not by his pacemaker. He can do it 
with Medtronic’s completely pro- 
grammable Enertrax, the most 
physiologic pacemaker available. 

Whether he’s running, reading, 
or anything in between, Enertrax 
automatically tracks the patient’s 
atrial activity and then paces the 
ventricle in response when AV 
conduction fails and no R-wave is 
sensed. It is the finest replacement 
for the heart’s AV node and Bundle 
of His. 

Designed expressly for atrial 
synchronous, ventricular inhibited 
(VDD) pacing, Enertrax can sig- 
nificantly increase work capacity 
over ventricular demand (VVI) 
pacing, permitting normal ranges 


of heart rate as the patient's body 
directs. Your patient may feel fewer 
symptoms, have improved well be- 
ing and other proven benefits of 
VDD pacing. All in only 40 grams. 
Enertrax is ideal for a child’s grow- 
ing life. It can give both young and 
older patients a hemodynamic 
boost that restores vitality. 

You can easily treat complica- 
tions such as loss of atrial sensing 
by reprogramming atrial sensitivity. 
Precise, simple patient man- 
agement. Medtronic technology 
brings you the simplest and most 
useful followup tools, a whole 
performance-matched system. 
Special telemetry features make 
Enertrax functions easy to follow 
while simplifying management for 
both you and the patient. 
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Leading the way to man’s heart. 





functions are controlled by the 
Medtronic Censys™ programmer, 
your vital communications link to 
any Medtronic pacemaker. With 
Censys and Enertrax, you get a real 
time “self-diagnostic” marker of 
pacemaker activity which simpli- 
fies follow-up and troubleshooting 
diagnosis. You also have a real- 
time calibration pulse and control 
of eight programmed parameter 
values. Plus battery status, pace- 
maker model ID number and many 
other patient management fea- 
tures. 

Teletrace telephone monitoring 
offers you parameter and battery 
status telemetry, as well as trans- 
telephonic EKG transmission. 

For physiologic pacing as indi- 
vidual as each patient’s natural 
heart rate: Enertrax. 


‘NERTRAX™ Model 7100 


tended Uses 

trial synchronous pacing using an implantable VOD pacemaker is 
yr patients who have intermittent or complete atrioventricular block 
ith normal sinus activity and who would benefit from regular atrial 
ontribution to ventricular filling and rate variation based on phys- 
logic need. 


‘ontraindications 

here are no known contraindications to the use of pacing as a 
yerapeutic modality for control of heart rate. The patient's age and 
yedical condition, however, may dictate the particular pacing sys- 
2m, mode of operation, and implantation procedure used by the 
hysician. Use of the VDD mode is contraindicated in the presence 
f atrial bradycardias (sick sinus syndrome, sinus arrest), atrial 
brillation, atrial flutter or atrial tachycardias. It is also contraindica- 
3d in slow retrograde conduction situations resulting in atrial activ- 
y that retriggers the pacemaker. 


Varnings 

liathermy should not be used on patients with pacemakers be- 
ause of possible heat damage to electronic components. Electro- 
urgical units should never be used in the vicinity of unipolar pulse 
enerators or bipolar pulse generators implanted in the unipolar 
10de because of danger of introducing fibrillatory currents into the 
eart via the implanted pulse generator/lead. Pulse generators may 
e damaged by defibrillatory asonargas if the paddles are placed 
ver the implanted pulse generator. See the specific precautions 
nd warnings in the technical manuals included with the pulse 
enerator. 


'recautions 

he physician should be aware that all pulse generators will ulti- 
jately cease to function due to cell depletion, and may fail at any 
me due to random component or battery failures which cannot be 
redicted prior to failure. Also, that the pacing system may cease to 
inction at any time due to lead-related problems such as displace- 
ent, fracture, fibrotic tissue formation, elevated thresholds and 
edical complications, and that proper operation may be affected 
y electrical interference from certain electrical equipment. 

hide Effects 

sody rejection phenomena, including local tissue reaction, muscle 
nd nerve stimulation, infection, erosion of pulse generator/lead 
rough skin, transvenous lead-related thrombosis, embolism and 
ardiac tamponade. 





START AT THE TOP 


Assume An Established 
Practice in 
Louisville, Kentucky 


An exceptional opportunity is available to join a long-established 
Thoracic Surgeon in Louisville. Kentucky. The new associate 
will affiliate July, 1983, and assume the practice in January, 
1984 following the present surgeon's retirement. 


As the only Thoracic Surgeon in a professional building, this 
practice enjoys a strong referral base from a large number of 
primary care physicians. The office building is adjacent to 
Suburban Hospital, a modern 380-bed pity ea that 


features an adjoining out-patient surgical center. The hospital 
is located in an upper income residential area, complemented 
with commercial activity. 


In addition to the quiet charm, consistent growth and varied 
lifestyles of Louisville, this opportunity offers many attractive 
amenities. For further information, please send your curriculum 
vitae to the address below or call COLLECT: 502/893-1139. 


There is no obligation. 


Patsey Catlett 
Director of Professional Relations 


SUBURBAN HOSPITAL 


4001 Dutchmans Lane 
Louisville, KY 40201 





the 8th edition of a cardiac classic 


Nomenclature and Criteria for 


Diagnosis of Diseases of the 


Heart and Great Vessels 


By the Criteria Committee of the 
New York Heart Association 


Revised in light of the newest knowledge on cardiol- 
ogy for its eighth edition, this definitive reference con- 
tains information of inestimable value in understand- 
ing heart disease. The patient's overall cardiac status 
and prognosis is described in terms of the most current 
diagnostic techniques. NOMENCLATURE AND CRITERIA 
helps you to assess accurately each individual patient 
based on etiologic, anatomic, and physiologic diag- 
nosis. Acomprehensive appendix includes an analysis 
of plain chest roentgenograms as used in heart dis- 
ease diagnosis and extensive 
electrocardiographic tables. 
Well illustrated with excellent 
electrocardiograpns and fully 
indexed, this eighth edition 
maintains the high standards of 
quality set by its predecessors. 
349 pages, illustrated 

Cloth, 605360, $15.95 
Paper, 605379, $12.95 
Order today from 


Little, Blown and Company 
Medical Division, 34 Beacon Street 
Boston, Massachusetts 02106 
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Postoperative 
wound 
hematoma 
can result from 
uncontrolled capillary 
bleeding—especially 
in heparinized patients. 
Ni Hemostasis with Thrombostat™, 
L prior to closure, significantly 
reduces the frequency of wound 
hematoma and its sequelae. In a study' involving 102 
patients receiving subcutaneous low-dose heparin 
prior to abdominal surgery, 82.4% (42 of 51) of the 
thrombin-treated group were free of any hematoma; while 64. 7% 
(33 of 51) of the untreated group developed hematoma. 






I/ Hashemi K, Donaldson LJ, Freeman JW, et al: The use of topical thrombin to 
Curr 


reduce wound haematoma in patients receiving »w-dose heparin. 


Med Res Opin 7:458-462, 1981. 
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THROMBOSTAT ™ (Thrombin, USP) Bovine Origin 
Before prescribing, please see full prescribing information. 
A Brief Summary follows: 
Thrombostat must not be injected! Apply on the surface 
of bleeding tissue as a solution or powder. 
INDICATIONS: Thrombostat (thrombin, USP) is 
in hemostasis wherever oozing blood fr 
venules is accessible 

In various types of surgery solutions of Thrombostat may be used 
in conjunction with Absorbable Gelat onge, USP for hemostasis. 
CONTRAINDICATION: Thrombostat is persons 
known to be sensitive to any ofits c 
bovine origin. 
WARNING: Because of its action in the clotting mechanism, 
Thrombostat must not be injected or otherwise allowed to enter 
large blood vessels. Extensive intravascular clotting and even 
death may result. Thrombostat is an antigenic substance and 
has caused sensitivity and allergic reactions when injected into 
animals. 
PRECAUTIONS: Consult the absorbable gelatin sponge prod 
labeling for complete information for use prior to utilizing the 


Rapidly effective. Thrombostat thrombin-saturated-sponge procedure 


ADVERSE REACTIONS: An allergic type reaction following the use 
controls capillary oozing in seconds It can of Thi bostat for treatment of epistaxis has been reported. Febrile 


ons have also been observed follow e use of Thrombostat 


clot an equal volume of blood in less than a ee ee 


; DOSAGE AND ADMINISTRATION: S 
second, Or 1000 ml of blood ın less than QI be prepared in sterile distilled water 
! ' ' intended use determines the strength of the solut 
minute in vitro. general use in plastic surgery, dental extrac’ 
neurosurgery, etc, so s containing 
ml are frequently used. For this, 10 ml o 


indicated as an aid 
aries and small 
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be sprinkled on; the solution can be sprayed P&S miretpeciteiy Sithe dueni sippia tn he pacage $ 
t may be advantageous to use Thrombostat (thrombin, USP) 
Thrombostat solution may be applied to saora houa areto aiapen, ho sciaich Ahold be Terigoreted 
tion of Thrombostat: 
2. A spray may be used or the surface may be flooded using a ster- 
ches the surface. 
procedures, including vascular, plastic, burn 
d tearing counterclockwise. The rubber-diaphragm cap may be 
4. Sponging of treated surfaces should be avoided in order that the 
capillaries and small venules is accessible. tin Sponge. USP as follows: 
tion. Knead the sponge strips vigorously with moistened fingers to 
15 seconds with a pledget of cotton or a small gauze sponge. 
~~ Bede pv 
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unit package is suitable. Where bleeding 
it vial dissolved in 
5 ml or 2.5 ml respectively, of the diluent supplie 
on, Or used to flood the oozing surface, or ite prepared by selecting ad conta en package and dissolv- 
y form on oozing 
preferably frozen used after 48 h 
inj ected . l. The recipient surface should be sponged (not wiped) free of blood 
ile syringe and small gauge needle. The most effective hemostasis 
In instances where Thrombostat in dry form is needed, the vial is 
abdominal, gynecologic 1 orthopedic 1 Or y removed and the dried Thrombostat is then broken up intoa 
to hemostasis wherever oozing blood from clot remain securely in place 
1. Prepare Thrombostat solution of the desired strength 
T ve trapped air, thereby facilitating saturation of the sponge 
4173G012 
helps prevent wound hematoma 


Easy to use. Thrombostat powder can faces of liver and spleen, concentrations as } 
in the package is 
g the contents inana nt. In many situa- 
an absorbable gelatin sponge* saturated with 
Caution: So e used the day they are prepared. If 
the bleeding area. Thrombostat must not be The ilicwing techniauea are tugueste 
before Thrcmbostat is applied. 
Versatile. Ina variety of surgical results when the Thrombostat mixes freely with the blood as soon as 
pened by removing the metal ring by flipping up the plastic cap 
neurosurgery, Thrombostat is a valuable aid As ahaha 
Thrombostat may be used in conjunction with Absorbable Gela- 
2. Immerse sponge strips of the desired size in the Thrombostat solu- 
3, Apply saturated sponge to bleeding area. Hold in place for 10 to 
THROMBIN, USP 
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Cordis Sequicor 9 


Automatic DDD Cardiac Pacer 
with Retrograde Conduction Protection 


Adjustable Atrial Maintains full DDD function 
Refractory Periods while avoiding synchronization 


with retrograde conduction. 


Automatic DDD Mode Allows A-V synchrony 
to be maintained for maximum 
hemodynamic benefit. 


Four Programmable Optimizes ventricular filling. 
A-V Delays 


*Under clinical evaluation 


cordis. 
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Cordis Sequicor Technical Information. 


Sequicor, Model 233D Programmable Parameters 


Modes DDD, DVI, DAD, VDD, VAT, VVI, DOO, VET* VOO 


50 (1200), 60 (1000), 70 (857), 80 (750) 
100 (600), 130 (461), 160 (375), 180 (333) 


Minimum Pacing Rate, (Interval) 
Maximum Pacing Rate (Interval) 


Atrial Sensitivity, (mV) 0.8, 1.5, 7.0, OFF 
Ventricular Sensitivity, (mV) 0.8, 1.5, 2.5, OFF 
Atrial Output Pulse Duration, (ms) OFF, 0.5, 1.0, 1.5, 


Ventricular Output Pulse Duration, (ms) 0.5, 1.0, 1.5, 2.0, 

A/V Delay (ms) t 80, 120, 165, 250 

Atrial Tachycardia Response Fall Back, 2:1 Block 

Fall Back Rate (Interval) 55 (1.090), 65 (932), 75 (800), 85 (706) 


Sequicor Nonprogrammable Parameters 








Output Current mA Output Voltage Pace Limit 
Atrial 5.5 4.2 195 ppm 
Ventricular 5.5 4.2 195 ppm 
Other Specifications 

Radiopaque 


Weight Dimensions 
76gm 69x56x14mm 1.9 HG 


Specific Gravity Identification E.R.T. 





4%Rate Decrease 





Power Source: 2 Lithium Cupric Sulfide Cells 


Sequicor Refractory Periods 

















Total Atrial 
Atrial Total Total AIV Refractory 
Tachycardia Maximum Atrial Ventricular Programmed Following the 
Response Rate Refractory Refractory Delayt Ventricle Pulse 
2:1 Block 100 ppm 600 ms 302 ms 80 ms 520 ms 
120 480 
165 435 
250 350 
130 ppm 461 ms 302 ms 80 ms 381 ms 
120 341 
165 296 
250 211 
160 ppm 375 ms 302 ms 80 ms 295 ms 
120 255 
165 210 
250 125 
180 ppm 333 ms 302 ms 80 ms 253 ms 
120 213 
165 168 
250 83 
Any Any 
Fall Back Maximum 305 ms 302 ms 80 ms 225 ms 
Rate Rate 120 185 
165 140 
250 55 





* VET — Ventricular overdrive (ventricles externally triggered) 
+ During ventricular overdrive (VET), A-V delay = 6 to 20 ms. 


Important Information 


Indications 
The Cordis Model 233D Sequicor 8 (Theta) pacer is a two-channel pacer intended for 
permanent, two-chamber cardiac pacing. 


Adverse Effects 

The following list includes a number of complications related to pacer therapy that 
have been reported in the medical literature. Noninvasive techniques for assessing 
and managing such complications are available to the physician. Malfunctions occur 
randomly and may occur at any time after implantation 

Complications Associated with Pacer Therapy 

Pacer — battery depletion, component malfunction, electromagnetic interference, 
decreased sensitivity 

Lead—unsatisfactory electrode position, fracture displacement, penetration/ 
perforation of heart wall, faulty connection with pacer 

Body — reaction, infection/erosion, increase in stimulation threshold 
Contraindications 

Atrial-synchronized ventricular pacing and DDD sequential pacing modes are 
contraindicated for use in the presence of chronic atrial flutter or atrial fibrillation 

If these conditions are demonstrated, atrial sensitivity can be programmed “off” 

to anonatrial sensing mode such as VVI. 

Caution: Investigational device. Limited by Federal (U.S.A.) law to investigational 
use. 


cordis. 
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NOW—A handsome way to protect 
and preserve your personal copies of 


ANNALS OF THORACIC SURGERY 


A durable custom-designed Library Case or Binder 
will protect your copies of the ANNALS OF 
THORACIC SURGERY from loss and wear. At the 
same time, this impressive addition to your library 
will help you conserve valuable space and reduce 
clutter. Both the case and the binder come in hand- 
some maroon simulated leather, with an embossed 
spine in black lettering for maximum legibility. 
Scuff-resistant and washable, each includes gold 
transfer so you can print the volume and year. 


Order your Library Case or Binder for the 
ANNALS OF THORACIC SURGERY by simply 
mailing the coupon below with your check, specify- 
ing with your order which style and size you prefer. 
Satisfaction is unconditionally-guaranteed or your 
money back. 






To: Jesse Jones Box Corp. 
P.O. Box 5120 Dept. APS 
Philadelphia, PA 19141 


My check or money order for $ is enclosed. 


Please send me: 


O THE ANNALS OF THORACIC SURGERY 
Binder(s). Each binder holds 12 issues. Prices: 
$7.50 each; 3 for $21.75; 6 for $42.00. 


O THE ANNALS OF THORACIC SURGERY Cases(s). 
Each case holds 12 issues. Prices: $5.95 each; 
3 for $17.00; 6 for $30.00. 





Name 





Address 





City State Zip 


(The prices above include postage and handling within the 
United States; make checks payable to Jesse Jones Box Corp.) 
For all orders outside the United States, please add $2.50 
per unit. 
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EDITORIALS 


Profit and Loss in Coronary Artery Surgery 


Hugh H. Bentall, M.B., F.R.C.S. ` 


A very large number of thoughtful papers have 
been published dealing with the results of 
coronary artery bypass graft (CABG) operation, 


on graft failure, and on mortality and morbid- . 


ity. This operation is now being performed 
worldwide, and hundreds of thousands of pa- 
tients have undergone the procedure. The cost 
of all these operations must exceed many bil- 
lions of dollars. It is therefore a little surprising 
that few attempts have been made to evaluate 
the cost benefits to patients and to the State of 
this form of treatment. Most patients having 
CABG are in the prime of life, and a great many 
of them are at the peak of their careers and 
earning capacity. Yet there are only a few pa- 
pers on the return to work after this type of 
surgery, and even fewer that attempt to assess 
the ability of the patients to continue working. 
This issue of The Annals of Thoracic Surgery 
contains two important papers that help to an- 
swer some of these questions. The article on p 
374 by Liddle and colleagues entitled “The Re- 
habilitation of Coronary Surgical Patients” is a 
major contribution. The authors have followed 
more than 600 patients, all of whom were oper- 
ated on by one surgeon and survived for more 
than six months after operation. Ninety percent 
of the patients completed questionnaires, from 
which the data were obtained. The current 
work status of each patient was determined by 
personal contact in December, 1980. It is in- 
teresting to note that there were 90 men over the 
age of 64 years at the time of operation; more- 
over, of the 17 who were working preopera- 
tively, 16 returned to work after operation. Of 


_ the 50 who were already retired, only 3 returned 


to work, as might be expected. In contrast, of 
the 413 men under the age of 65 at the time of 
operation, 46% were working preoperatively, 
and 85% returned to work after operation. Of 
the 164 men under the age of 65 years who were 


From the Department of Cardiothoracic Surgery, Royal 
Postgraduate Medical School, Hammersmith Hospital, 
Ducane Rd, London W12 0HS, United Kingdom. 


disabled preoperatively and who subsequently 
returned to work, 70% continued to work until 
retirement age. The results in women are also 
given, but the numbers are small and do not 
take housework into account. 

A serious effort is made by the authors to 
compare surgical cost with income earned af- 
ter operation. In each group of patients stud- 
ied, the money earned greatly exceeded the 
cost of operation. The astonishing figure of 
$14,666,116 is given as the value of total post- 
operative production for the 200 individuals 
who were either disabled or retired before op- 
eration and who therefore were not producing 
income. On the other hand, the total costs of 
medical care for the entire population of 565 
patients was $6,023,642. Similar figures are. 
given for other groups of patients. It was the 
policy of the surgeon carrying out these proce- 
dures to adopt a very positive approach to re- 
habilitation of patients, and to make it very clear 
to them that they were expected to return to 
normal life after operation. This attitude may 
partly account for the very high percentage of 
patients returning to productive work, com- 
pared with the results of some previous reports 
from the United States. In fact, the figures 
quoted here compare very favorably with re- 
ports from Canada, Great Britain, and Scan- 
dinavia. 

It is interesting to compare these results with 
those described in the article by Guvendik and 
colleagues on page 383 of this issue. This is a 
new study from Great Britain in which not only 
are the percentages of patients returning to 
work categorized but figures are given for the 


numbers of patients at work during the suc- 


ceeding five years. It should be pointed out, 
however, that this study is somewhat different 
from that of Liddle and associates: it was not 
carried out prospectively, and the patients 
studied were a selected group of men between 
the ages of 30 and 60 years out of a total popu- 
lation of 287 patients having CABG operations | 
in the same hospital during the same period. 
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Patients were excluded from the study for car- 
diac failure, poor left ventricular function, or 
concomitant performance of other operations in 
the heart. Women were also excluded. All oper- 
ations were performed by the same surgeon; 
however, as the procedures were done during 
the period from 1970 to 1973, the average of 1.95 
grafts per patient is less than would be regarded 
as optimal today, and the results clearly need to 
be interpreted in this light. The age of 60 years 
was selected as the upper limit for inclusion be- 
cause the retirement age for men in the United 
Kingdom is 65 years, allowing for the possibil- 
ity of employment for a period of at least five 
years. The results showed a 90% return to work 
one year after operation, which is approxi- 
mately the same figure for the expectation of 
work for the same age groups in the general 
population. However, there was a progressive 
fall-off to 73.4% at 5 years. No correlation was 


found between the expectation of employment 
and age at operation, previous myocardial in- 
farction, or the number of grafts inserted. 
Moreover, there was no difference between pa- 
tients over or under 50 years at the time of oper- 
ation in this series. 

Liddle and his colleagues, however, found a 
significantly greater return to work by men 
under 55 years than over this age. They make 
the very pertinent comment that in some previ- 
ously reported series, the low incidence of re- 
turn to work may be due to medical advice; the 
patients’ physicians, families, and employers 
do not actively encourage their return to work. 

These two series show that about 90% of pa- 
tients can return to work after CABG opera- 
tions, and that there can be an enormous cost 
benefit in their doing so. The case for positive 
thinking by both surgeons and physicians is 
well made. 


a 


Return to Work After Coronary Artery Bypass Grafting 


Albert Oberman, M.D., M.P.H., and John F. Finklea, M.D., D.P.H. 


Few appreciate that indirect health care costs 
are almost four times the direct costs attributa- 
ble to coronary heart disease. In the United 
States, lost income, lower productivity, dis- 
ability, insurance expenses, and workmen’s 
compensation account for costs exceeding $2C 
billion annually, while only $5.5 billion is spent 
directly on medical care [1]. The expense of the 
coronary artery bypass graft (CABG) operation, 
coupled with the continued rise of bypass 
grafting as an elective procedure and the need 
for reoperation in some patients, has generated 
considerable debate over the costs and benefits 
of the procedure. Increased economic produc- 
tivity for these patients, most of whom are 
middle-aged and have years of productivity 
ahead, is not an unreasonable expectation for 
an operation that entails such a substantial in- 
vestment of resources. 

Positive gains in employment following op- 
eration have been reported primarily in other 
countries where the proportion of patients 
working preoperatively was well below that 
found in the United States—usually less than 
40%—and where the proportion working af- 
terward remained lower than in the United 
States [2]. A variety of studies nationwide indi- 
cate no net gain in the return to work after 
CABG operation for at least several years after 
the procedure, either absolutely or relatively, 
compared with medical treatment during the 
same period. Reports from the United States are 
amazingly consistent, demonstrating a 10% dec- 
rement in gainful employment compared with 
the preoperative status of patients who have 
survived at least two years and identifying a 
common set of factors predictive of return to 
work after operation, such as work status at 
baseline, nonwork income, occupation, post- 
operative symptoms, age, perception of health, 
severity of disease, and education. The ex- 
pected enhancement of work productivity after. 


From the Department of Preventive Medicine, University of- 


Alabama in Birmingham, University Station, Birmingham, 
AL 35294. 


operation, specifically the ability to resume 
more physically demanding jobs or to make 
other favorable changes in occupational status, 
has not materialized. 

In heartening contrast, Liddle and co- 
workers report a high proportion of patients 
returning to work after CABG (p 374 of this 
issue). They attribute this successful work re- 
habilitation to psychological preparation of pa- 
tients and their families, as well as the attitudes 
toward rehabilitation expressed by attending 
physicians and employers. Their study showed 
that patients who were less than 35 years old 
and had more education were most likely to 
return to work, but they could not discern 
which factor was more important without per- 
forming multivariate analyses. A large percent- 
age (88%) of working-age patients considered 
disabled by the investigators at the time of op- 
eration returned to work regardless of the du- 
ration of their preoperative disability; 80% of 
the patients in this group worked to or beyond 
retirement age. However, patients who had re- 
tired before undergoing revascularization were 
much less likely to return to work. 

Although these encouraging results may be 
attributed to counseling of patients, it is also 
conceivable that the cultural and value systems 
of Utah, with its large Mormon population and 
strong work ethic, may be unique and may 
even represent a possible upper limit of work 
rehabilitation. Liddle and colleagues calculate 
that postoperative salary production by re- 
habilitated patients was four and one-half times 
greater than the total cost of care for the en- 
tire population, including disability payments. 
Missing from these calculations is the potential 
income for those who did not have surgical in- 
tervention. In addition, the estimates of the in- 
vestigators are based on the assumptions that 


the disability among medical patients would 


not change and that patient subgroups with in- 
creased longevity would also have increased 
productivity. 

In England, Guvendik and associates con- 
secutively studied 100 men who did not have 
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seriously impaired left ventricular function (p 
383 of this issue). These patients ranged in age 
from 30 to 60 years and were operated on for 
angina. Despite the high one-year employment 
rate of 91% among 98 survivors—a figure that 
did not differ from a general population sample 
matched for age—the percentage working di- 
minished to 88% at two years, 82% at three 
years, 76% at four years, and 73% at five years. 
During this period, 32 job changes occurred, 
generally leading toward lighter work, part- 
time work, and less stressful occupations. 
Within the age range studied, age itself ap- 
peared relatively unimportant. Previous myo- 
cardial infarction and the number of grafts 


performed did not correlate with employment: 


status. However, there were more asymptom- 
atic patients employed than expected, although 
the investigators did not specify the follow-up 
period involved. Deterioration of employment 
rates paralleled disease progression; five years 
after operation, there was a discrepancy of 
nearly 20% between the patients employed and 
the matched sample. Our own studies [3] also 
show that indices of myocardial ischemia and 
left ventricular function influence subsequent 
work status. 
-~ Both reports demonstrate that successful 
CABG can favorably influence the postopera- 
tive employment status of patients, as well as 
improve their symptomatic status and func- 
tional capacity. Such results cogently point out 
the need for encouraging patients to return to 
work and for convincing them to remain pro- 
ductive. Physiological improvement may suf- 
fice in many instances to bring patients back to 
work but may fail to convince other patients, 
who may require additional motivation and 
reassurance from their physicians. Liddle and 
co-workers document the need for the physi- 
cian to understand the occupational require- 
ments of the patient and help him or her return 
to gainful employment. The physician should 
explain the means for assessing treatment- 
related changes in functional capacity and the 
opportunities for meaningful work-related ac- 
tivities on the basis of this evaluation. 
Medical practitioners can confer with em- 
ployers to establish a satisfactory work envi- 
ronment that can be perceived by the patient as 


nonthreatening to his or her health. Where de- 
sirable and feasible, employers should consider 
individuals having CABG operations for tem- 
porary, limited-duty jobs, alternative job as- 
signments, and job transfers that do not involve 
severe financial loss to the patient. However, 
patients who had not worked regularly im- 
mediately prior to operation may have diffi- 
culty finding a job postoperatively. Also, em- 
ployers may be reluctant to hire workers after 
operation because of the fear that claims sub- 
mitted by such workers may later result in dis- 
ability payments or allegations that work con- 
ditions aggravate the emplovee’s illness. 

We need to structure an approach that en- 
sures that patients having CABG operations 
reenter the productive work force whenever 
possible. The pool of physically able individu- 
als of working age who have undergone bypass 
and who are not gainfully employed in the 
work force is substantial and growing rapidly. 
This pool already contains as many as 150,000 
potentially productive workers, and that num- 
ber could increase twofold to fourfold over 
the coming decade if we are not successful in 
getting a greater proportion of patients back to 
work. Much remains to be done to identify and 
remove potential barriers impeding return to 
work. If we as a nation are able to duplicate the 
success of the studies of Liddle and colleagues 
and Guvendik and associates, the pool of 
physically able coronary bypass patients of 
working age currently not in the work force 
might stabilize, decrease modestly, or increase 
only marginally during the next decade. Get- 
ting between 100,000 and 400,000 coronary 
bypass patients back to work is a worthwhile 
economic goal with a potential gain of $1 to $5 
billion per year. Another reason to pursue re- 
employment is the forthcoming shortage of 
younger workers over the next decade as the 
population ages. Changes in our attitudes to- 
ward work and aging as well as the rising costs 
of social services may well extend our working 
lifetimes past the current customary retirement 
age of 65. Such developments are likely to exag~- 
gerate the costs of failing to return patients 
having coronary bypass to productive employ- 
ment. 

Government agencies, such as the Depart- 
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ment of Health and Human Services, the De- 
partment of Labor, and the Equal Employment 
Opportunity Commission, should join with re- 
sponsible voluntary health groups and involved 
professional societies in carefully studying the 
problem of productive employment after CABG 
operation. Dealing with the problem now ap- 
pears more rational than waiting until a pool of 
several hundred thousand able but idle workers 
makes costly demands on a society facing diffi- 
culty in financing its health care system and in 
enhancing the productivity of its workforce. 
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Carinal Reconstruction 


Hermes C. Grillo, M.D. 


ABSTRACT Thirty-six carinal resections were per- 
formed: 23 for primary neoplasms of the airways, 5 
for bronchogenic neoplasms, and 8 for inflammatory 
lesions. In 31 cases, primary reconstruction was 
done. Eleven reconstructions were performed with- 
out pulmonary resection; in 5, right upper lobectomy 
was also done, in 9 pneumonectomy, and 6 patients 
had had a prior left pneumonectomy. Five staged re- 
constructions were attempted. 

The mode of reconstruction depended on the pre- 
cise location and extent of the lesion, Bronchial 
anastomoses to the side and end of the trachea or to 
the.end of the trachea and to the side of a bronchus 
predominated. Four deaths occurred among the 31 
patients who had primary reconstruction (13%). Two 
patients with anastomotic stenoses had successful 
reexcision. Attempts at staged reconstruction failed. 


The technical problems of segmental tracheal 
resection have largely been solved for lesions 
involving approximately one-half or less of the 
total length of the trachea. In many cases, the 
patient’s anatomy and adjunctive techniques 
allow even a greater length of trachea to be 
resected and primary reconstruction accom- 
plished [1]. Carinal resection and reconstruc- 
tion, however, often present difficult problems. 
These problems are principally (1) the conduct 
of anesthesia during the reconstruction, (2) the 
anatomical technique of reconstruction, and (3) 
postoperative complications. No single insti- 
tution has extensive experience with this type 
of resection and reconstruction. In 1974 Es- 
chapasse [2] collected 19 cases from French 
teams, and Perelman and Koroleva [3] in 1980 
recorded 29 cases of carinal resection and recon- 
struction. From November, 1962, to December, 
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1981, 36 carinal resections were performed at 
Massachusetts General Hospital for various ab- 
normalities and with different techniques. Pri- 
mary reconstruction was performed in 31 cases, 
and in 5 an attempt was made at staged recon- 
struction following very extensive resections. 

From this limited experience, guidelines are 
emerging for the application of specific tech- 
niques of reconstruction 2 and, also, some 
cautionary statements about their use. The em- 
phasis in this report is on modes of reconstruc- 
tion rather than on long-term results in the 
heterogeneous diseases treated. Twelve of the 
36 patients were included in an earlier report on 
the management of tracheal neoplasms [4]. 


Indications for Resection 

As might be expected, the principal indication 
for carinal resection was to remove primary 
tumors of the airways (Table 1). Fourteen pa- 
tients had adenocystic carcinoma. Four had 
carcinoid tumors. Two patients had squamous 
cell carcinoma of the carina. The 3 remaining 
airway neoplasms were mucoepidermoid car- 
cinoma, myxoid spindle cell sarcoma, and 
granular cell tumor. In 4 patients, 2 with 
adenocystic carcinoma, 1 with carcinoid, and 
1 with granular cell tumor, the mass arose pre- 
dominantly in the left main bronchus and prior 
pneumonectomy elsewhere had failed to extir- 
pate tumor at the carinal margin. In the 2 with 
adenocystic carcinoma, residual tumor was 
found on initial permanent sections and the 
patients were referred for further resection. Re- 
section had been done fourteen years previ- 
ously in the patient with carcinoid tumor. The 
granular cell tumor had been divided with an 
incorrect diagnosis of stenosis. In 1 patient 
wedge resection of the carina had been done 
three years earlier for adenocystic carcinoma, 
and in another a sleeve resection of the right 
main bronchus had been performed ten years 
zarlier for carcinoid. 

Five patients had probable primary bron- 
zhogenic carcinomas involving the proximal 
main bronchus. Two were squamous cell, 2 
were adenocarcinoma, and 1 was large cell un- 
differentiated carcinoma. I.have performed few 
3leeve pneumonectomies for bronchogenic car- 
zinoma, since I believe that the procedure 
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Table 1. Indications for Carinal Resection 
in 36 Patients 


nN tN A, 





No. of 
Indication Patients 
Neoplasms of airways 23 
Adenocystic carcinoma 14 


Carcinoid tumor 4 
Squamous cell carcinoma 2 
Mucoepidermoid carcinoma 1 
Myxoid spindle cell sarcoma 1 
Granular cell tumor 1 


Bronchogenic neoplasms 5 
Squamous cell carcinoma 2 
Adenocarcinoma 2 
Large cell undifferentiated carcinoma 1 

Inflammatory lesions - 8 


Mediastinal fibrosis 
Tuberculous stenosis 
Postoperative stenosis 
Idiopathic stenosis 


e NNOO 


should be reserved for patients who are poten- 
tially curable based on preoperative medias- 
tinoscopy and exclusion of remote metastases 
[5]. Few central lesions appear to fulfill these 
criteria. Jensik and colleagues [6] reported 17 
such resections in 1972. Lymph node involve- 
ment was not specified. More recently, they 
have noted a 15% long-term survival in an en- 
larged series. Earlier use of the technique of cari- 
nal sleeve resection with pneumonectomy was 
made by Gibbon [7], Mathey and co-workers 
[8], and Thompson and associates [9, 10]. 

Eight patients had inflammatory or stenotic 
lesions. Two suffered postoperative stenoses 
following carinal resections at our institution 
and were reoperated upon. One patient had an 
idiopathic stenosis involving the takeoff of both 
main bronchi and the carina. Two had proved 
tuberculosis affecting the lower portion of the 
trachea, the carina, the right main bronchus, 
and, in 1, the right upper lobe bronchus and 
right upper lobe. An additional 3 patients had 
mediastinal fibrosis with tracheobronchial 
stenoses p possibly the result of histoplasmosis. 
One of them had had a prior pneumonectomy 
for the disease. 

Radiological and endoscopic determination 


of the precise diagnosis and the extent of the 
lesion have been discussed previously [11]. 


Techniques 
Anesthesia 
Inhalation induction and maintenance of the 
patient under halothane anesthesia has been 
our method of intraoperative management [12]. 
In patients with severely obstructing tumors, a 
small endotracheal tube can usually be in- 
sinuated past the mass at the margin where 
tumor infiltration is not present. The patient is 
usually intubated with an extra-long endo- 
tracheal tube, which may later reach from the 
patient's mouth into a main bronchus. 
Double-lumen tubes present few advantages 
and considerable disadvantages since they lack 
the flexibility for easy introduction distal to the 
carina and may be cumbersome. Jet ventilation 
shows much promise for this area of surgery 
but was rot used in the present series. 
Cardiopulmonary bypass seems conceptually 
attractive for carinal resection. In practice, it 
presents enormous dangers when the resection 
and dissection are particularly extensive and 
complicated. -The necessary use of even low- 
dose heparin leads to the possibility of major 
hemorrhage intraoperatively and postopera- 
tively. In 1 patient in whom bypass was em- 
ployed, it led to intraparenchymal hemorrhage 
into the two residual lobes of the right lung. 
Since only one lobe remained on the unoper- 
ated side, the patient died of hypoxia after 
being taken off bypass. While cardiopulmonary 
bypass has been used successfully in simple 
cases of carinal reconstruction [13-16], in which 
it is not necessary, bypass is hazardous if used 
in complex cases [3, 17]. In unusual cases, 
anesthesia may be given across the operative 
field from two anesthesia machines attached 
separately to two portions of the tracheobron- 
chial tree for part of the operation. 


Approaches 

A number of surgical approaches are possible. I 
presently prefer a right posterolateral thora- 
cotomy (fourth intercostal space) for the ma- 
jority of carinal resections and reconstruc- 
tions. The patient is positioned on the table 
with the right arm draped into the field. The 
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field includes access to the neck and anterior 
chest in the event that laryngeal release or other 
anterior maneuvers are required. My initial ap- 
proach to the carina was through a so-called 
trap-door incision, consisting of a collar incision 
with a vertical extension down the midline of 
the sternum angled into the right fourth in- 
terspace. While such an incision allows expo- 
sure of nearly the entire trachea, it is usually not 
necessary and does not provide quite as good 
exposure posteriorly. Midline sternotomy allows 
the carina to be approached between the 
superior vena cava and the aortic arch by 
opening the anterior and posterior pericar- 
dium. Access for meticulous dissection and re- 
construction of the carina is not nearly as ade- 
quate as with posterolateral thoracotomy. 

Left thoracotomy is useful when a lesion has 
been carefully defined preoperatively and is 
known to involve principally the left main 
bronchus with only limited involvement of the 
carina. The precise application of this approach 
will be described. Access to the carina is limited 
and difficult from the left side; mobilization of 
the aortic arch with division of intercostal ar- 
` teries helps little [3, 18]. In a rare and carefully 
selected patient, bilateral thoracotomy extending 
from one posterior axillary line to the other and 
passing transversely across the sternum may be 
used. Postoperative ventilatory support is more 
than likely to be needed. Bilateral thoracotomy is 
used in the patient who has a large tumor of the 
carina involving the trachea and so much of the 
left main bronchus that salvage of the left lung 
is clearly impossible. 


Operative Dissection 

Pleura or azygos vein that appears to be in- 
volved with the tumor is included in the surgi- 
cal specimen. Involvement of the pulmonary 
artery or vena cava must be established early. 
If a lesion appears otherwise resectable, 
esophageal involvement is rarely a contraindi- 
cation to resection. Portions of the muscular 
wall or the full thickness may be excised with 
the tumor. A large part of the circumference of 
the esophagus may be excised full thickness 
and the esophagus reconstructed over a na- 
sogastric tube to provide a satisfactory con- 
duit for saliva and liquids; such a conduit usu- 


ally dilates later. If it were necessary, the entire |. ° $ 


esophagus could be sacrificed with proximal 
cervical esophagostomy. This has not been nec- 
essary in my experience. Lymph node in- 


volvement should be examined before irrevo- — 


cable steps are taken, as extensive involvement 
may preclude curative resection. Extended 
lymph node dissection may well devascularize 
the residual portions of the tracheobronchial 
tree. l : 

The avascular pretracheal plane is bluntly 
dissected into the neck from below. With care- 
ful dissection to avoid disturbing the tumor, 
tapes are passed around the right main bron- 
chus, the left main bronchus (which is easily 
accessible in the right-sided field), and the 
trachea. Dissection is carried out with ventila- 
tion continued gently in both lungs. It is some- 
times possible to guide the endotracheal tube 
into the left main bronchus to permit collapse of 
the right lung, though deflating the lung is not 
essential at this.time. Gentle retraction of the 
right lung will provide satisfactory access to the 
hilum. 

If possible, it is best to salvage bronchial arte- 
rial branches to the right main bronchus by 
preserving some of the structures around the 
carina. The bronchial tree should not be 
skeletonized distal to the planned points of 
transection. The left recurrent laryngeal nerve 
lies on the aortic arch in the floor of the dissec- 
tion, and injury to it should be avoided. The 
right recurrent laryngeal nerve is less likely to 
be injured, but its point of crigin lies lower 
than is often appreciated. 

If hilar mobilization will probably be re- 
quired to accomplish a recons:ruction without 
tension, it is preferable to do this prior to di- 
viding the tracheobronchial tree. Mobilization 
may be done after division of the airways, but it 
is more awkward. For hilar mobilization, the 
right pulmonary ligament is divided and the 
pericardium entered in an arc beneath the in- 
ferior pulmonary vein. The inferior pulmonary 
vein limits upward movement of the right 
hilum. The incision around the hilum through 
the pericardium anteriorly and posteriorly may 
be continued if necessary. If complete release of 
the pericardium is needed, it should be done 
posteriorly without totally dividing the vascular 
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and lymphatic connections of the right main 
bronchus to the hilar area, by working anterior 


`- to these structures. 


If laryngeal release is also required, it may be 
performed through a transverse cervical inci- 
sion, swinging the patient's right arm back over 
to the side of the body and tilting the table; 
suprahyoid release of the larynx is difficult from 
this approach. The value of laryngeal release for 
carinal reconstruction is much less than for 
upper tracheal reconstruction. Remember, also, 


‘that cervical flexion in a patient in the lateral 


position devolves the trachea toward the carinal 
region. The margins of resection should be 
checked by frozen sections. If the resection be- 
comes so extensive that no further resection is 
possible, -aè may be the case with ‘adenocystic 
carcinoma, and there is still tumor at the resec- 
tion margin, postoperative radiotherapy must 
be depended upon. Tracheal resection for 
tumor should not be undertaken without the 
availability of accurate frozen section capabil- 


ity. 


Modes of Reconstruction 

A variety of techniques for reconstruction of the 
carina have been proposed and used. A number 
of earlier experimental studies foretold the 
clinical approaches [19-21]. In practice, the 
applicability of each technique is determined 
by the extent of resection of various parts of the 
carina required. Therefore, I shall first discuss 
reconstruction as it is applied when no pulmo- 
nary tissue is resected, and then reconstruction 
following varying amounts of pulmonary re- 
section (Table 2, Fig 1). 

The simplest technique of carinal reconstruc- 
tion would appear to be approximating the me- 
dial walls of the right and left main bronchi to 
one another to fashion a new carina with the 
trachea [2, 22]. This technique is applicable 
only in cases of very small tumors requiring 
limited resection of the trachea and bronchi (Fig 
2). Suturing the two bronchi together tethers 
the newly made carina to the level of the lower 
border of the aortic arch. The left main bron- 
chus has very little mobility even if blunt dis- 
section is carried down its anterior surface: it is 


_ held in position by the aortic arch. Closure of 


the gap must therefore be accomplished by de- 


volvement of the trachea down to the new 
carina. Only a limited amount of trachea may 
be so develved. A single patient in this series 
had this type of reconstruction (Fig 3). 

When the tumor is more extensive, requiring 
that a larger portion of trachea be resected, 
end-to-end plus end-to-side tracheobronchial 
anastomosis is the method of choice (Figs 4, 5). 
The possibility of approximation after resection 
is determined with the patient's neck flexed 
by drawing together lateral traction sutures that 
have been placed in the trachea and bron- 
chi. In 4 patients it was clear that the trachea 
could be approximated more easily to the left 
than to the right main bronchus [4]. The tube 
across the operative field may be intermittently 
removed, if necessary, during placement of the 
sutures. My preference is to place all the anas- 
tomotic sutures prior to drawing the lateral trac- 
tion sutures together, then to tie down each 
of the anastomotic sutures in sequence before 
removing the traction sutures. In this anas- 
tomosis, most of the length is gained by bring- 
ing the proximal trachea down to the end of the 
left main bronchus. After completion of this 
anastomosis, the endotracheal tube is passed 
into the left main bronchus. So that there will 
be no devascularization of the tracheal wall, an 
opening is made in the lateral wall of the 
trachea a centimeter above the anastomosis 
with the left main bronchus. The right main 
bronchus is elevated and anastomosed to the 
side of the trachea. The opening is ovoid and is 
placed in the cartilaginous wall to provide more 
rigidity. In 1 patient, it was easier to anas- 
tomose the trachea to the right main bronchus 
and to implant the left main bronchus into the 
left lateral wall of the trachea [23]; access for this 
anastomosis is not as easy. 

When a greater length of trachea must be re- 
moved, the distance between the relatively 
immobile left main bronchus and the stump of 
the trachea is too great to be spanned by 
bringing the trachea down. Under these cir- 
cumstances, in 3 patients, the right lung was mo- 
bilized, the right main bronchus was brought 
up for direct end-to-end anastomosis to the 
trachea, and the left main bronchus was im- 
planted across the mediastinum into the side 
of the bronchus intermedius, as described by 


360 The Annals of Thoracic Surgery Vol 34 No 4 October 1982 


Table 2. Carinal Resection at Massachusetts General Hospital (1962—1981) 
eee O 


Postoperative 
Type of Patient’s Age Date of Lymph Irradiation 


Reconstruction Diagnosis (yr) and Sex Operation Nodes (rads) 


CARINAL RESECTION WITH PRIMARY RECONSTRUCTION 
1. Reconstruction without Pulmonary Resection 


a Carcinoid 19, F 12-6-79 ~ None 
b Adenocystic 49, F 11-26-62 “i 
c Squamous 51, M 6-11-73 = Ss 
c Adenocystic 47,F 9-17-73 ~ 4,600 
(recurrent} 
Idiopathic 62, F 5-1-79 ~~ None 
Squamous 69,M 10-6-80 + 1,800 
d “Malignant” 66, F 6-23-76 + None 
carcinoid i 
d Adenocystic 47,M 9-28-76 ~ 5,000 
d Adenocystic 62,M 3-18-81 ~ 5,600 
e Tuberculous 45, F 5-4-79 - None 
stenosis i 
f Mucoepidermoid 22, M 12-5-77 = None 





2. Reconstruction with Right Upper Lobectomy 


g Tuberculous 38, F 2-6-78 - None 
stenosis a 

g Postop. stenosis 69, M 12-18-80 = (Previously) 

g Adenocarcinoma 40,M 2-23-81 ~ 5,040 

g Carcinoid 27,M 8-17-81 + None 
(recurrent) 

h Adenocystic 34, F 9-22-70 > None 


3. Reconstruction with Pneumonectomy 


i Squamous 43, M 1-29-73 = None 
j Large cell 60, M 4-9-80 ~ None 
undifferentiated 
j Adenocarcinoma 48, F 6-12-81 + 4,700 
j Squamous 48, M 7-22-81 + None 
k Adenocystic 25,M 1-30-76 + 5,000 
k Adenocystic 26, F 1-19-77 = None 
k Adenocystic 26, F 12-27-79 + 5,500 
k Adenocystic 26,M 9-19-80 ~ 5,600 
l Myxoid spindle 28, M 3-22-78 = 6,000 


cell sarcoma 
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feo ge ee ee 
Survival Time (to December, 1981) 


t 


Death 


Complications 








Dead of Dead from 
Other Cause Tumor 


Alive with Alive without 
Tumor Tumor 


i NR O A 


i, 


9-23-79 


Postop. 


Postop. 


Postop. 


2-75 


2-79 


Postop. 


2-19-81 


Granulation 
Recurrence 
Hemorrhage 
None 


None 


RMB stenosis 
(resected later} 


Respiratory 
failure 
None 
None 
Respiratory ob- 
struction, failure 
Granulations 


None 


None 
None 
None 


None 


Second primary Ca. 
of lung; irradiation 


None 


None 

None 

Multiple distant 
metastases 

Respiratory 
failure 

None 

Respiratory support; 
late stenosis, par- 
tial 

Hypoxemia (later left 
pneumonectomy); 
local recurrence 


(Continued on next page) 


16 yr 10 mo 


Myocardial 
infarct or 
pulmonary 
embolism 
3yr 
2 yr 11 mo 


2yr 


3 yr 10 mo 


10 mo 
4 mo 


11 yr 3 mo 


2yr 


1 yr 9 mo 


6 mo 
5 mo 


2yr 
lyr 3 mo 
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Table 2. (Continued) 


eee 


A ; Postoperative 
ype of Patient’s Age Date of Lymph Irradiation 
Reconstruction® Diagnosis (yr) and Sex Operation Nodes (rads) 


4. Reconstruction after Prior Left Pneumonectomy 


nm eee aaraa aa a a UU 


m Carcinoid 28, F 
(recurrent) 

m Mediastinal 41, F 
fibrosis 

m Adenocystic 29,M 
(residual) 

m Postop. stenosis 29, M 

m Adenocystic 62, M 
(residual) 

m Granular cell 14, F 
(residual) 


maeaea r r a 


CARINAL RESECTION FOR STAGED RECONSTRUCTION 


Sraa e een 


Adenocystic 21, M 

Adenocystic 58, F 

Adenocystic 47,M 

Mediastinal 39, M 
fibrosis 

Mediastinal 18, F 
fibrosis 


"See Figure 1 for depiction of types of reconstruction. 
RMB = right main bronchus. 


Barclay, McSwann, and Welsh [24] and later by 
others [3, 4, 25, 26] (Fig 6). A “reverse” proce- 
dure [26] was done in 1 patient with tubercu- 
lous stenosis (Fig 6, lower right). 

If the lesion involves the carina and the right 
main bronchus to the right upper lobe bron- 
chus, the problem is more complex. In 4 pa- 
tients, the lower trachea and carina plus the 
right main bronchus and upper lobe were re- 
sected. The bronchus intermedius was tran- 
sected below the takeoff of the upper lobe bron- 
chus. The trachea and left main bronchus were 
‘anastomosed. After mobilization of the right 
hilum intrapericardially, the bronchus inter- 
medius was elevated and implanted in the lat- 
eral wall of the trachea about one centimeter 
above the previously described anastomo- 


1-9-74 = None 
5-20-80 = None 
6-4-80 = 4,600 
8-30-80 _ (Previously) 
12-12-80 ~ 4,600 
12-22-81 S None 


12-9-67 — None 
5-12-75 = None 
10-15-75 = None 
5-6-80 = None 
6-11-80 = None 


sis (Fig 7). The indications for this procedure 
were squamous cell carcinoma of the carina, 
adenocarcinoma involving the carina, recurrent 
carcinoid of the tracheobronchial angle, and 
tuberculous stenosis of the trachea, right main 
bronchus, and right upper lobe bronchus (Fig 
8). Ishihara and associates [27] resected the 
right upper lobe and carina in 3 patients with 
carcinoma of the lung, using varied reconstruc- 
tions. In another patient in our series, who had 
adenocystic carcinoma involving the right 
main bronchus and origin of the upper lobe 
bronchus but in whom the tumor was con- 
fined to the right wall of the carina, resec- 
tion was done by anterior and posterior vertical 
incision to the carinal spur (Fig 9); little was to 
be gained by full circumferential excision of the 
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Dead of 


Death Complications 


None 
None 


Stenosis (resected 
later) 

None 

None 


None 


Operative Pulmonary hemor- 
rhage due to 
bypass 

Respiratory failure; 
anastomotic 
dehiscence 

Granulation tissue; 
respiratory 
obstruction 


Respiratory failure 


Postop. 
6 mo 


Postop. 


Postop. Respiratory 


failure; 
anastomotic 
dehiscence 


trachea. The bronchus intermedius was ap- 
proximated to a shortened lateral aperture. 
When tumor involves the lower trachea and a 
large part of the left main bronchus, the prob- 
lem becomes very difficult. When the left main 
bronchus is divided close to the confluence of 
the bifurcation into the upper and lower lobes 
from beneath the aorta, and the trachea cannot 
be brought down to that point, there is cur- 
rently no way to advance the residual left main 
bronchus. Perelman and Koroleva [3] have 
solved this problem by stapling the left main 
bronchus distal to the tumor and reanastomos- 
ing the trachea to the right main bronchus. In 
10 patients they noted no difficulty with 
shunting or infection in the left lung. In 1 pa- 
tient in whom I used this technique, tachycar- 
dia and tachypnea followed for eight months 


Other Cause 


Survival Time (to December, 1981) 





Alive without 
Tumor 


Alive with 
Tumor 


Dead from 
Tumor 


nt iti ttt ttt 


8 yr 
lyr 7 mo 
lyr 7 mo 


Lyr 4 mo 
lyr 


Current 





due to massive vascular shunting through that 
nonaerated left lung, and left pneumonectomy 
was required for relief (Fig 10D). In another 
patient, left pneumonectomy was performed 
through a separate incision after completion of 
the resection and anastomosis of the trachea to 
the right main bronchus (Fig 10B); the patient 
developed pneumonia in the right lung and 
died postoperatively. In a third patient, bilat- 
eral anterolateral thoracotomy was done for 
tracheal resection (7 cm), left pneumonectomy, 
and anastomosis of the trachea to the right main 
bronchus (Figs 10C, 11); this patient also 
needed laryngeal release because of the large 
amount of trachea resected. He required ten 
days of ventilatory support postoperatively. 

In 2 patients, adenocystic carcinoma in- 
volved most of the left main bronchus and the 
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j Fig 3. Postoperative roentgenogram of reconstruction by 

the tecknique shown in Figure 2 after resection of a car- 
Fig 1. Types of primary reconstruction performed in 31  cinoid tumor. The apparent trifurcation consists of the 
patients. The application of the various techniques is right upper lobe bronchus, bronchus intermedius, and 
shown in Table 2. left main bronchus. (Retouched for clarity.) 





Fig 2. Resection with restitution of the carina. This 
technique is applicable only for small, centrally placed 
tumors. 
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Fig 4. Carinal reconstruction after resection, with the 
trachea anastomosed end-to-end to either the left or the 
right main bronchus and the other bronchus placed into 
the lateral wall of the trachea above the first anas- 
tomosis. The diagram at upper right shows the more 
commonly used technique. (From Grillo HC: Ann 
Thorac Surg 26:112, 1978.) 


carina. Pneumonectomy and carinal resection 
were done from the left hemithorax (Fig 10A). 
With flexion of the neck and with tapes placed 
around the lower trachea and the right main 
bronchus, it was possible to draw the airway up 
beneath the aortic arch and place appropriate 
traction sutures, excise the carina, and anas- 
tomose the trachea to the right main bronchus. 
In 1 of these patients, a brief period of car- 
diopulmonary bypass was used to resect and 
repair the wall of the invaded main pulmonary 
artery; no pulmonary manipulation was re- 
quired during bypass. In an additional patient, 
who had mucoepidermoid carcinoma of the 
proximal left main bronchus involving the 
carina, it was possible to perform a wedge exci- 
sion of the central area of involvement from the 
right side, and to reimplant the left main bron- 
chus in the defect thus created (Fig 12). 

Right pneumonectomy was performed in 4 


patients for lesions of the central portion of the 
right lung or for tumors of the right main bron- 
chus invading the trachea (Fig 13). In 3 patients 
a sleeve of carina was excised, and in the fourth 
a wedge resection of carina was done. Two had 
negative mediastinoscopies but positive hilar 
nodes. As noted, I have been guarded in ap- 
plying this technique to pulmonary carcinoma 
invading the trachea. 

In six operations done on 5 patients, the 
carina was resected following prior left pneu- 
monectomy (Fig 14). In five operations, resec- 
tion was performed through the right chest, 
maintaining ventilation in the right lung but 
working with the lung gently retracted and in- 
completely collapsed. One patient developed 
stenosis of the anastomosis. After we had tem- 
porized with repeated dilations to allow the 
acute inflammatory process to regress, he was 
reexplored. The obstruction was found to be 
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Fig 5. (A, B) Preoperative anteroposterior and lateral 
laminagrams showing extensive squamous cell car- 
cinoma of the carina. Resection was performed accord- 
ing to the technique shown in Figure 4 (upper right). 
(C) Postoperative laminagram. The anastomosis of the 
right main bronchus to the side of the trachea is visible 
just proximal to the bifurcation into upper lobe bron- 
chus and bronchus intermedius. Distal to this area the 
trachea tapers quite sharply to the point of anastomosis 
with the left main bronchus. (Retouched for clarity.) 
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Fig 6. More extensive tracheal resection with advance 
of the right main bronchus to the end of the trachea and 
implantation of the left main bronchus into the bron- 
chus intermedius (upper right). The reverse procedure 
(lower right) is rarely applicable, since the left main 
bronchus is quite fixed. 





Fig 7. Carinal resection with right upper lobectomy. 
With mobilization, the bronchus intermedius is ad- 
vanced to the side of the trachea and implanted above 
the anastomosis of the irachea and the left main bron- 
chus. 
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Fig 8, (A) Preoperative laminagram of patient with 
tuberculous stenosis of the lower trachea, indicated by 
the two arrows pointing to the left side of the tracheal 
wall. The left main bronchus, seen below, is of normal 
caliber; but the right main bronchus, indicated by the 
arrow pointing to the right side of the carina, is ste- 
notic, as was the right upper lobe bronchus. (B) Post- 
operative laminagram shows the bronchus intermedius 
(arrow) anastomosed to the lower lateral wall of the 
trachea. Below this point, the air column narrows quite 
sharply at the point of anastomosis of the trachea to the 
left main bronchus. (Retouched for clarity.) 


Fig 9. Technique used for resection of a laterally placed 
adenocystic carcinoma involving the lower trachea, 
right main bronchus, and origin of the right upper lobe. 
This figure illustrates an individualized procedure for a 
specific problem, as described in the text. (From Grillo 
HC: Ann Thorac Surg 26:112, 1978.) 








due to calcification in an intercostal pedicle flap 
that had been looped around the anastomosis. 
Because of the stenosis, it was necessary to re- 
sect at the point of bifurcation into upper lobe 
bronchus and bronchus intermedius. Two 
small endotracheal tubes were used, with the 
tip of one placed in the upper lobe bronchus 
and the other in the bronchus intermedius; pe- 
riodically, one or the other was withdrawn in 
order to place anastomotic sutures. One patient 
required carinal resection through the left 
hemithorax with anastomosis done beneath the 
aortic arch. This was a 14-year-old girl who had 
undergone left pneumonectomy elsewhere for a 
destroyed lung, later found to be due to granu- 
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Fig 10. Carinal resection with left pneumonectomy. (A) 
When the left lung could not be salvaged and the extent 
of carinal involvement was small, resection was done 
through the left hemithorax beneath the aortic arch 
with anastomosis of the trachea to the right main bron- 
chus. (B) In 1 patient, resection and reconstruction were 
performed through the right chest with temporary divi- 
sion of the left main bronchus distal to the tumor 
(dotted line). Left thoracotomy was then performed 
and the left lung removed. (C) Through a bilateral ante- 
rior thoracotomy, extensive tracheal resection and left 
pneumonectomy were performed with tracheobronchial 
anastomosis on the right. (D) Extended tracheal resec- 
tion and resection of left main bronchus were performed 
through the right chest with stapling of the left main 
bronchus, leaving the excluded lung in place. Sub- 
sequent pneumonectomy was required. 


lar cell tumor involving the carina, and in 
whom the left main bronchial stump extended 
to the lobar bifurcation. 

In all patients but 1, the anastomoses were 
protected by either a pedicled pleural flap or an 
intercostal muscle pedicled flap. The patient 
who did not have tissue interposed between 





the anastomosis and the pulmonary artery ran a 
low-grade fever and then bled massively and 
fatally on the ninth postoperative day. Autopsy 
was not obtained, but it was presumed that an 
abscess had eroded into the overlying pulmo- 
nary artery. If ventilatory support is required 
postoperatively, the endotracheal tube is posi- 
tioned so that the cuff will not rest on the suture 
line. Every effort is made to wean the patient 
from the ventilator as early as possible. The 
flexible bronchoscope has proved an invaluable 
aid in clearing secretions in some patients who 
cannot do so with chest physiotherapy. 


Staged Resections 

In 3 patients with adenocystic carcinoma, the 
tumor proved to be so extensive that resection 
was done with attempts to restore continuity to 
a salvageable larynx by devolving a segment of 
cervical trachea into the mediastinum. The cer- 
vical trachea was devolved with its lateral blood 
supply intact, bringing the stoma out at the 
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Fig 11. Preoperative and postoperative roentgenograms 
of the patient whose operation is shown in Figure 10C. 
(A) The extent of the tumor is bracketed by arrows. (B) 
The upper arrow indicates the approximate level of the 
lower border of cricoid cartilage; the lower arrow iden- 
tifies the point of anastomosis of the residual trachea to 
the right main bronchus. (Retouched for clarity.) 





Fig 12. Partial excision of carina and left main bronchus 
for mucoepidermoid tumor, performed from the right 
hemithorax with anastomosis as shown. 
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Fig 13. Right pneumonectomy with carinal resection. In 
1 case the carina was not completely excised circumfer- 
entially (left). Since this technique often fails to pro- 
vide sufficient margins and can cause buckling during 
reconstruction, segmental resection is more commonly 
used, 





Fig 14. Carinal resection after prior pneumonectomy. 
Except for a patient who had an abnormally long re- 
sidual left main bronchial stump, these procedures were 
carried out through the right hemithorax. 


base of the neck. The larynx was salvaged 
proximally with creation of a second stoma, 
with the intention of rejoining the two stomas 
later by converting the cutaneous flap between 
them into a supported skin tube; this has been 
done successfully in patients undergoing other 
types of segmental tracheal resections. In 1 pa- 
tient in whom this was done under cardiopul- 
monary bypass, death occurred on the operat- 
ing table due to hypoxia from hemorrhage into 
the residual lung tissue after bypass was dis- 
continued. In another patient, healing failed 
and ultimately there was hemorrhage from 
major mediastinal vessels. The third patient 
had recurrent obstructive granulation at the 
distal anastomosis, and death resulted months 
later. These procedures were abandoned in 
favor of primary irradiation treatment for such 
extensive lesions. In 2 patients with extensive 
sclerosing disease of the mediastinum involv- 
ing the airways, however, attempts were made 
to correct the problems because of the lack of 
any alternative and the prospect of imminent 
death from airway obstruction. Carinal disease 
prevented placement of a T-tube. In both cases 
there was failure of healing, need for respira- 
tory support, and death from pneumonia in 1 
patient and separation of the anastomosis in the 
other. Mediastinal fibrosis due to histoplas- 
mosis or other similar processes causes severe 
loss of tracheal mobility. Use of such staged re- 
constructions is best avoided. 


Deaths and Complications 

Four (13%) of the 31 patients who had primary 
reconstructions died postoperatively (see Table 
2). The patient who had had no tissue layer 
interposed between the anastomoses and the 
pulmonary artery bled suddenly and massively 
nine days later, presumably from arterial ero- 
sion, after having a persistent low-grade fever. 
The other 3 required postoperative ventilation 
and died of respiratory failure. One had acute 
inflammation as well as stenosis from tuber- 
culosis, but required operative intervention de- 
spite the ongoing inflammation because of 
otherwise unmanageable airway obstruction. 
In another, adenocystic carcinoma was so 
extensive that primary irradiation would have 
been preferable in retrospect; lymphatic 
obstruction due to extensive hilar dissection 
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may also have played a role. The third patient 
had extensive resection at age 66. 

Nonfatal complications included the follow- 
ing: anastomotic stenosis in 3 patients, granu- 
lation tissue at the suture line in 2, need for 
ventilatory support for ten days in 1, and 
hypoxemia in 1 (the patient with an excluded 
left lung). One stenosis was due to calcification 
in an intercostal flap with residual periosteum, 
and another to tension or, possibly, blood sup- 
ply problems at the anastomosis of the right 
main bronchus to the trachea. Both patients 
were treated by reoperation, with loss of the 
right upper lobe in the second. A third patient, 
who had stenosis after resection of 7 cm of 
trachea, is being followed. Granulations at the 
suture line have not occurred since we began 
performing the anastomoses with coated 4-0 
Vicryl. The hypoxemia, manifested as tachycar- 
dia and tachypnea, was cured by removal of the 
excluded left lung following demonstration of a 
25 to 30% residual shunt after eight months. 

The dismal results in staged reconstruction 
have been described. Long-term results are 
noted in Table 2. 


Comment 

Carinal resection is feasible for management of 
a spectrum of lesions including primary airway 
tumors, proximal bronchogenic tumors, and 
occasional inflammatory lesions. If it can be 
predicted in advance that primary reconstruc- 
tion cannot be accomplished, nonsurgical alter- 
natives are probably best sought, although use 
of a Y-shaped prosthesis has been reported in 8 
cases [28]. The surgical risks are great even with 
primary reconstruction, as indicated by the 
13% mortality in this series of 31 such opera- 
tions. Perelman and Koroleva [3] reported a 
31% mortality in 29 carinal resections, and Es- 
chapasse [2] had a 17% mortality in 18 carinal 
resections. In contrast to these high mortality 
figures for carinal resection, we have had 5 
deaths in 263 tracheal resections for postintu- 
bation stenosis (2%) and 2 in 49 segmental re- 
sections for neoplasms (4%). 

The anesthetic techniques, surgical proce- 
dures, and postoperative management of cari- 
nal resection are all very demanding and are 
best not embarked upon without judicious 


planning. The results (see Table ane appear to 
justify the efforts. 
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Discussion 

DR. JOEL D. COOPER (Toronto, Ont, Canada): The im- 
portance of Dr. Grillo’s presentation is twofold. Not 
only does his paper contain valuable information, 
but it demonstrates his commitment and personal 
contributions to the field of complex tracheal 
reconstruction—a field that very clearly bears his 
imprint. Dr. Grillo richly deserves the honor be- 
stowed upon him in presenting the second J. Max- 
© well Chamberlain Memorial Paper. 

: Our own experience with carinal resection has 
.been more modest than Dr. Grillo’s, and my com- 
ments are made largely for emphasis. This type of 
procedure requires careful and well-orchestrated ef- 


fort, which shotild include high-quality preoperative 
contrast studies, expert and reliable quick section 
pathological analysis during operation, and very 
close cooperation with an experienced anesthetist. 
With regard to’anesthesia, jet ventilation seems to be 
a useful advance, 

I would like to emphasize that when one is excis- 
ing the carina and preserving all or a portion of the 
right lung, the right main or right intermediate bron- 
chus can be carried up as ‘high as the midtracheal 
level, using hilar and laryngeal release if necessary. 
When we know we are going to do an extensive re- 
section, we occasionally put the patient in the supine 
position, perform a very quick suprahyoid release, 
and then turn the patient over and do the posterolat- 
eral right thoracotomy. 

But the real problem in carinal resection is the left 
main bronchus, which may not come up to the 
trachea or to the side of the right intermediate bron- 
chus if one has to take very much of the trachea or the 
left main bronchus. Indeed, as Dr. Grillo also noted, 
Dr. Mikhail Perelman in his recent report of 29 cari- 
nal resections describes several instances in which he 
had to close over the detached left main bronchus 
and leave in the atelectatic left lung, as it was impos- 
sible to incorporate it safely in the reconstruction. 

We have been increasingly impressed with the use 
of the median ‘sternotomy approach in performing 
distal tracheal and carinal reconstruction. Once one 
has opened the superior pericardium, both in front 
and around the top and down the back, the exposure 
provided by this approach is excellent. The carina 
and main bronchi are very near the surface, and the 
construction of anastomoses is easier. Moreover, 
with the sternotomy approach, the patient is in a 
good position for a laryngeal release, if required. The 
intrapericardial or right hilar release is also easily 
achieved through this exposure. 

A distinct advantage of the sternotomy approach is 
that it permits removal of the left lung in the event 
that the left main bronchus cannot be advanced far 
enough to use in the reconstruction. The main disad- 
vantage of this approach is that it is more restrictive 
than right thoracotomy if extensive tumor dissection 
is required beyond the confines of the airway, espe- 
cially posterior to the carina or left main bronchus. 
However, we are increasingly enthusiastic about its 
use in patients with benign tumors as well as in cer- 
tain patients with limited, low-grade malignancy. 

Although few of us will have the opportunity to 
apply what Dr. Grillo has shown us, and few will re- 
member the: details, we know where to turn when 
the need arises. Dr. Grillo’s superb results will re- 
main instructive fer us all. 


The Rehabilitation of Coronary Surgical Patients 


Harold V. Liddle, M.D., Robert Jensen, Ph.D., 


and Paul D. Clayton, Ph.D. 


ABSTRACT Coronary revascularization has been 
reported to have failed to effectively rehabilitate 
working-age patients. This study of 565 patients 
demonstrates that motivation to return to work is 
strongly influenced by age and educational level. 
Patients under age 55 are more likely to return to 
work than are patients over that age, but preopera- 
tive job classification does not influence rehabilita- 
tion. Although preoperative disability was asso- 
ciated with a slightly lower return-to-work rate 
(90%) than was the case with patients working pre- 
operatively (97%) preoperative retirement was a 
strongly negative influence on rehabilitation. In this 
study, 80% of the patients worked to or beyond re- 
tirement age, and duration of work was not influ- 
enced by preoperative disability. The salary pro- 
duced by those patients who were rehabilitated by 
surgery was four and a half times greater than the 
total cost of care and disability payments for the en- 
tire patient population. The factors which seemed to 
be the most important in effective rehabilitation 
were the psychological preparation of patients and 
their families and the attitude toward rehabilitation 
expressed by physicians and employers. 


Fifteen years after its clinical introduction, 
coronary revascularization surgery has been 
more widely applied and more thoroughly 
criticized than any other cardiac operation 
performed in the United States [1]. Although 
the operation is universally performed in major 
medical centers as well as in small community 
hospitals [2, 3], it is probable that the clinical 
indications for its performance, the operative 
mortality, and the postoperative results vary 
widely across the country. Currently more than 
100,000 Americans undergo this operation an- 
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nually, at a cost well in excess of $2 billion [3, 4], 
and the economic validity of the procedure has 
been questioned [2, 5]. Although there is broad 
agreement that the operation favorably influ- 
ences symptoms and quality of life [5, 8-10], 
there have been relatively few references to the 
influence of the operation on rehabilitation [6, 
8, 10, 12, 13, 18, 19], and even less information 
is available regarding the duration of work re- 
habilitation [18]. Among the various reports 
that do exist concerning this subject, it is un- 
known how much emphasis is placed on work 
rehabilitation by the surgeon or the primary 
physician. Some physicians, in an effort to be 
conservative, may actually encourage an at- 
titude of disabi-ity [6]; the loss of motivation 
and lowering of self-image may be a natural re- 
sponse to the disease and to the operation [7]. 

In view of these circumstances, the purpose 
of this paper is to examine the effect on re- 
habilitation of the patient’s age, education, 
type of preoperative employment, preoperative 
work status, preoperative disability, and dura- 
tion of disability, and to examine the cost of 
surgical treatment as it relates to the postopera- 
tive productivit of patients. 


Materials and Methods 

This study is composed of two cohorts of pa- 
tients who und=rwent coronary revasculariza- 
tion: those who had a single coronary operation 
and those who had two or more separate revas- 
cularization prozedures. The study includes all 
patients who survived more than six months 
postoperatively and who were alive at the time 
the study was initiated in June, 1979. All pa- 
tients in the study were operated on by the 
same surgeon and followed at intervals of one, 
six, and twelve months postoperatively and 
biannually thereafter. All patients were advised 
in advance that work rehabilitation was a prin- 
cipal purpose of the operation and that disabil- 
ity claims would be supported only if revas- 
cularization faied. Demographic information 
was obtained postoperatively by a question- 


374 0003-4975/82/100374-09$01.25 © 1981 by The Society of Thoracic Surgeons 


375 Liddle, Jensen, and Clayton: Rehabilitation of Coronary Bypass Patients 


naire either mailed to the patient or completed 
in person at the six-month checkup. Demo- 
graphic and pertinent medical data were en- 
tered into a Tandem computer for retrieval and 
sorting using the HELP system for medical de- 
cision making [11]. 

As of December 31, 1980, 626 patients who 
had undergone a single coronary operation 
were eligible for the study. Of these, 565 pa- 
tients (90%) completed demographic question- 
naires; the balance of the questionnaires either 
were not returned or were incomplete. An ad- 
ditional 31 patients had two revascularization 
procedures and 1 had three separate operations. 
Twenty-eight of these 32 patients (88%) re- 
turned completed questionnaires. There were 
no operative or late deaths among the patients 
operated on more than once; operative mortal- 
ity and late survival among those who had a 
single operation has been previously described 
[10]. The current work status of each patient in 
both groups was determined by personal con- 
tact in December, 1980. 


Results 

Single-Operation Group 

EDUCATION. At the time of operation in the 
565 patients who had a single procedure, 90 pa- 
tients (16%) had completed elementary school 
only, 345 patients (61%) had completed high 
school, 98 patients (17%) were college grad- 
uates, and 32 patients (6%) had completed 
graduate school. The postoperative rehabilita- 
tion of these patients was strongly influenced 
by their educational level (p < 0.002 by chi- 
square test). Only 57% of the elementary school 
graduates returned to work postoperatively, 
whereas 75% of high school graduates, 78% of 
college graduates, and 84% of those who at- 
tended graduate school did so. Ninety percent 
of the rehabilitated patients had completed at 
least a high school education. 

OCCUPATION. The group included 76 pa- 
tients (13%) who were farmers, 219 (39%) 
blue-collar workers, 131 (23%) white-collar 
workers, 65 (12%) professional persons, and 74 
patients (13%) who did not list an occupation at 
the time of operation. Postoperatively 78% of the 
farmers returned to work, as did 82% of blue- 
collar workers, 80% of white-collar workers, 


and 86% of professional people. The differences 
in rehabilitation rates among these subgroups 
are not statistically significant. 

FORM OF PAYMENT. ‘The cost of medical care 
for this group of patients was borne by insur- 
ance alone in 34%, whereas 60% of the patients 
made a personal contribution in addition to in- 
surance in payment for their care. Only 4% of 
the patients paid the entire amount themselves, 
and 2% of the group were on welfare. 

PREOPERATIVE EMPLOYMENT STATUS BY AGE 
Group. There were 413 men under 65 years 
old at the time of operation (Table 1), of whom 
192 were working preoperatively, 183 were dis- 
abled for more than one month preoperatively, 
and 38 were retired. Of the 192 working men, 
186 (97%) returned to work postoperatively, 1 
patient retired, 2 became disabled, and 3 pa- 
tients chose to quit their jobs even though they 
were judged capable of working. Of the 183 
men who had been disabled for more than one 
month preoperatively, 164 (90%) returned to 
work, 10 retired, 2 remained disabled, and 7 
quit work. Only 2 of the 38 men who were re- 
tired preoperatively returned to work, but 20 of 
them (53%) were over age 60 at the time of 
surgery. Of the entire group of 413 men under 
age 65, only 192 (46%) were working preopera- 
tively, whereas 352 (85%) returned to work 
postoperatively, 47 (11%) became or remained 
retired, 4 (1%) became or remained disabled, 
and 10 (2%) elected to quit work even though 
they were not judged to be disabled. Thus, pre- 
operative employment status is a significant 
factor affecting postoperative work rehabilita- 
tion in this age group (p < 0.01, disabled; 
p < 0.000001, retired). 

There were 90 men who were over 64 years 
old at the time of operation (Table 2). Seventeen 
were working preoperatively, and 16 (94%) of 
them returned to work postoperatively. Of the 
23 men who were disabled preoperatively, 22 
(96%) returned to work. There were 50 men 
who were retired preoperatively, of whom only 
3 (6%) returned to work. Among the entire 
group of 90 men over age 64, only 17 (19%) were 
working preoperatively, but 41 (46%) returned 
to work postoperatively. 

The work status of the 62 women of all ages 
was based on gainful employment (Table 3). 
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Table 1. Rehabilitation to Work of 413 Men under 65 Years Old 


After Operation 





Before Operation Working 


Working (N = 192) 

Disabled (N = 183) 

Retired (N = 38) 
Total (N = 413) 


186 (97%) 
164 (90%) 

2 (5%) 
352 (85%) 


Housework was not included as gainful em- 
ployment because it was impossible to compare 
the wide variations in housework done by in- 
dividual patients. Only 6 women were em- 
ployed preoperatively, and all returned to work 
postoperatively. Eighteen women were dis- 
abled preoperatively, and 12 (66%) returned to 
work postoperatively. The 38 retired women all 
remained retired postoperatively. Of all 62 
women, 6 (10%) were working preoperatively, 
as opposed to 18 (29%) who were working 
postoperatively. 

For the men under 65 years and the men aged 
65 years and older, as well as for females of 
all ages, the number of patients employed 
postoperatively as compared to preoperatively 
was significantly increased as determined by 
McNemar’s test (p values ranged from < 0.002 
to < 0.00006). Of all male patients less than 55 
years of age, 92% returned to work, whereas 
only 78% of the men between 55 and 65 years 
old were rehabilitated. This difference is also 
significant (p < 0.002). The fact that age was a 
significant factor in determining work re- 
habilitation may explain why educational level 
was also a significant factor. The mean age 
for the 94 patients who had completed only 
elementary school was 60.3 years, as compared 


Retired Disabled Quit 

1 (0.5%) 2 (1%) 3 (1.5%) 
10 (5%) 2 (1%) 7 (4%) 
36 (95%) 0 0 

47 (11%) 4 (1%) 


10 (2%) 


with mean ages of 57.1, 55.9, 55.9 (p < 0.005, 
ANOVA) for those who had completed high 
school, college, and graduate school, respec- 
tively. oe 

EFFECT OF PREOPERATIVE DISABILITY. When 
the entire group of 565 patients who had a 
single operation is considered as.a whole, 208 of 
215 (97%) of those working at the time of 
operation and 198 of 224 (88%) of those who were 
disabled at the time of operation returned to 
work. For men under age 65 (p < 0.01) and in 
the entire group collectively (p < 0.002), pre- 
operative disability negatively affected return 
to work. However, the duration of preoperative 
disability did not influence the return to work 
(p = 0,29). Eighty-nine percent (134 of 150) of 
those who had been disabled for two to five 
months preoperatively, 81% (30 of 37) of those 
disabled for six to twelve months, and 92% (34 
of 37) of those disabled for more than twelve 
months returned to work. 

DURATION OF POSTOPERATIVE EMPLOYMENT. 
The men under age 65 were classified according 
to the number of years they actually worked 
postoperatively. The actual years worked was 
then compared to the number of eligible years 
they could have worked until their 65th birth- 
day. For those patients under 65 years old, po- 


Table 2. Rehabilitation to Work of 90 Men over 64 Years Old 


After Operation 





Before Operation Working 
Working (N = 17) 16 (94%) 
Disabled (N = 23) 22 (96%) 
Retired (N = 50) 3 (6%) 

Total (N = 90) 41 (46%) 


Retired Disabled Quit 
1 (6%) 0 0 
1 (4%) 0 0 
47 (94%) 0 0 
49 (54%) 0 0 
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Table 3. Rehabilitation to Work of 62 Women 


After Operation 





Before Operation Working 
Working (N = 6) 6 (100%) 
Disabled (N = 18) 12 (66%) 
Retired (N = 38) 0 

Total (N = 62) 18 (29%) 


tential work duration was calculated as the dif- 
ference between the date of surgery and the 
date of this study. In Figures 1 and 2, numbers 
appearing within the diagonal bars represent 
those individuals who worked all their eligible 
years to retirement. The horizontal axis repre- 
sents the eligible working years and. the vertical 
axis represents actual years worked to date. The 
individuals listed above the diagonal bars are 
people who worked beyond retirement age, 
and those listed below are those who either 
died or elected to stop working before retire- 
ment. 

There were 186 men under age 65 who were 
working at the time of operation and returned to 
work within six months afterward (Fig 1). Of 
these, 139 (75%) remained at work to retirement 
age. Twenty-seven (15%) either died or quit 
work prematurely, whereas 20 men (10%) 
worked for as many as nine years beyond re- 
tirement age. There were 164 men under age 65 
who were disabled for more than one month 
preoperatively and who returned to work post- 
operatively (Fig 2). Of these, 114 (70%) actually 
worked to retirement age. There were 33 men 
(20%) who either died or quit work prior to re- 
tirement age, but 17 (10%) worked beyond re- 
tirement age. 

There is no statistically significant difference 
between the working and disabled men under 
age 65 with respect to duration of work post- 
operatively (p = 0.38, chi square); however, 
more of the preoperatively disabled men re- 
turned to less stressful jobs following operation 
(30 of 164, 18%) than did the working men (12 
of 186, 6%) (p = < 0.0008). 

SURGICAL COST VERSUS POSTOPERATIVE EARNED 
INCOME. Having determined the incidence of 
rehabilitation in this patient population, the 


Retired Disabled Quit 

0 0 0 

2 (11%) 1 (6%) 3 (17%) 
38 (100%) 0 0 
40 (65%) 1 (2%) 3 (4%) 


10% Worked Beyond 













Y Retirement 
E 75% Worked 
= 9 9. to Retirement 
n 8-9 1 
§ 6-7 1 
q 4s 0 15% Died or 
E 2-3 0 Quit Early 
<q <i 0 

<1 2-3 4-5 6-7 8-9 9 


Years Patient Could Work to 
Retirement 


Fig 1. Duration of work of 186 men working before and 
working after operation. 


10% Worked Beyond 

Retirement 
70% Worked 
to Retirement 






20% Died or 
Quit Early 


Actual Years Worked 
co 
1 


0 
2 
5 
Q 
9 
0 


<1 2-3 4-5 67 8-9 9 


Years Patient Could Work to 
Retirement 


Fig 2. Duration of work of 164 men disabled before 
and working after operation. 


costs of surgery and the earned income of pa- 
tients postoperatively were then examined. The 
cost of medical care and disability payments 
and the patients’ postoperative salary produc- 
tion were analyzed for the entire group who 
had single operations. The cost of surgical 
treatment (hospital and physician) for all 565 
patients was $6,023,642. That amount was 
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added to the preoperative and postoperative 
disability payments to date received by these 
patients ($1,624,619) to obtain a total cost of ill- 
` ness in this patient population of $7,648,261. 
The total postoperative salary production to 
date by all 565 patients was $34,319,425. The net 
advantage of postoperative earned income over 
the cost of treatment is therefore $26,671,164. A 
comparison of the per-person cost of care and 
the salaries of the 401 individuals who returned 
to work postoperatively is shown in Table 4. 
The 342 men under 65 years old had the greatest 
excess of production over cost and the women 
over age 64 years had the least; however, in 
each group of patients there was an excess of 
production over cost. 

There were 203 individuals who were either 
disabled or retired preoperatively, and there- 
fore not producing income, who returned to 
work postoperatively. The work status of this 
group of patients was altered by the surgical 
intervention, as opposed to the patients who 
were working at the time of operation and might 
have continued to work even if they had not 
been operated upon. The total postoperative 
dollar production by this subgroup of rehabili- 
tated patients was $14,667,116, whereas the cost 
of medical care for the entire population of 565 
patients was $6,023,642. Therefore, the produc- 
tivity of those patients whose work status was 
favorably altered by surgery exceeds the cost of 
care for the entire patient population by 
$8,643,474 (Table 5). 


Multiple-Operation Group 

Demographic data are available for 28 of the 32 
patients who had multiple separate revasculari- 
zation procedures. These patients ranged in age 
from 39 to 74 years, and 4 were over 65 years 
old at the time of their first operation. An ad- 
ditional 10 patients achieved retirement age 
before their second operation. 

Prior to the first procedure 8 patients were 
working, 2 were retired, 17 were disabled, and 
1 patient was not working by choice. Post- 
operatively 22 patients (79%) returned to work, 
3 retired, 2 remained disabled, and 1 remained 
unemployed by choice. In the interval before 
the second operation, 11 of the 22 patients who 
had gone back to work after their first proce- 


dure became disabled again and 1 disabled 
patient retired. Therefore, preceding the second 
operation, 11 patients were working, 4 were re- 
tired, and 13 were disabled. Following the sec- 
ond operation, 17 patients (61%) returned to 
work, 6 remained or became retired, 3 re- 
mained disabled, and 2 quit work although 
they were not judged to be disabled. The net 
decrease in the working population after the 
second operation as compared to those working 
after the first operation was 5 patients, of whom 
3 retired by virtue of age. 

The cost of the first surgical experience in- 
cluding hospital, disability, and physician fees 
for these 28 patients was $244,500, and that of the 
second, $389,300; the total cost of care for both 
procedures for all patients was $633,800. The 22 
patients who returned to work after the first 
operation produced an aggregate income of 
$1,084,622 before they retired or became dis- 
abled again. Following the second operation, 17 
patients returned to work; their aggregate in- 
come production was $661,636. The total in- 
come produced by these patients who had 
multiple coronary operations was $1,746,258, 
an amount 2.7 times greater than the total cost 
of care for all the multiple-operation patients. 


Comment 

The American literature contains several 
studies [8, 12, 13] which suggest that work re- 
habilitation is disappointingly small among 
patients who undergo coronary artery bypass 
graft surgery. Reports from Canada [14], Great 
Britain [15, 16], and Scandinavia [17] are more 
optimistic. In view of the huge sums of money 
that are being spent annually on coronary artery 
surgery, it is important that this operation re- 
sult in a high degree of gainful reemployment 
of patients, particularly among those who were 
disabled preoperatively. Our data support the 
observations of Rimm [12] and Barnes [13] and 
their associates that the educational back- 
ground of patients strongly (p < 0.002) influ- 
ences motivation to return to work. Patients 
who had only an elementary school education 
were much less likely to return to work than 
were college graduates. Barnes and co-workers 
[13] reported that 39% of their fully rehabili- 
tated patients were college graduates, as were 
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Table 4. Cost-Production Relationship for 401 Patients Working after Operation 


in Mean Individual-Dollar Values 





Hospital Physician Disability 

Group Cost Cost Preop. 
Men < 65 

(N = 342) $7,652 $3,047 $466 
Women < 65 

(N = 15) 6,467 2,600 80 
Men > 64 

N = 41) 7,914 2,944 0 
Women > 64 

(N = 3) 4,333 1,875 0 


: Total Individual 
Cost of 


Disability Income Earned 
Postop. Illness Postop. 
$1,516 $12,697 $92,021 
966 10,113 30,424 
307 11,170 40,969 
0 6,200 10,833 





Table 5. Productivity of Rehabilitated Patients 


Total Earned 


Age Income Postop. 

Number Sex (Yr) Preop. Status Postop. Status (Dollars) 
11 F <65 Disabled Working 332,410 
164 M <65 Disabled Working 13,336,008 
2 M <65 Retired Working 28,750 
22 M >64 Disabled Working 880,782 
3 M >64 Retired Working 74,166 
1 F >64 Disabled Working 15,000 
203 14,667,116 


Cost of medical care (565 patients): $6,023,642; net gain: $8,643,474 
Total cost including disability (565 patients): $7,648,251; net gain: $7,018,855 


an additional 27% of part-time workers. In our 
experience, the rehabilitated group contained 
26% college graduates but 90% of the rehabili- 
tated patients had completed high school or 
more. On the other hand, the preoperative job 
classification of the patients had no influence 
on rehabilitation. This finding is similar to that 
of Rimm and colleagues [12] and Barnes and as- 
sociates [13]. There was a high degree of moti- 
vation to return to work by working patients in 
all job categories. Even among the women, rel- 
atively few of whom were working preopera- 
tively, a large proportion returned to work. 
Barnes and co-workers [13] reported no net 
increase in work status following coronary 
surgery, with 74% of their patients returning 
to work, 24% part-time. Logue, King, and 
Douglas [8] reported a 50% return to work in a 
patient population, 90% of whom were reported 
to be free of angina. Rimm and associates [12] 


cited an overall return to work of 83%; how- 
ever, they found that among the patients over 
age 55, 25% elected to retire postoperatively. In 
our series, 85% of all men under age 65 re- 
turned to work postoperatively. Although 97% 
of the men who were working preoperatively 
and 90% of those who were disabled returned 
to work, only 5% of the patient group who were 
already retired returned to work. In contrast to 
Rimm’s report [12], only 3% of our patients 
under age 65 elected to retire postoperatively. 
The overall return to work by patients over age 
65 was 46% in our study; however, 55% of the 
patients over age 64 were already retired at the 
time of operation, and the postoperative gain in 
men of this age group returning to work was 
highly significant (p < 0.00006). The fact that 
only half of the patients over age 64 were retired 
preoperatively probably reflects the high pro- 
portion of ranchers and farmers among them. 
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Rimm and colleagues [12] reported that among 
patients under age 55 years, 90% returned to 
work whereas only 74% of patients over 55 
years of age did so. We too found significantly 
(p < 0.002) greater return to work by men under 
55 years old than by those over that age. 

David [6], Logue [8], Anderson [18], and 
Oberman [19] and their collaborators all re- 
ported that preoperative disability reduces 
effective postoperative rehabilitation. That 
premise also applies in our patients of working 
age, among whom overall rehabilitation . of 
those who were disabled was 88%, as com- 
pared to the 97% rehabilitation of patients who 
were working preoperatively. In both groups of 
patients, the rate of return to work was very 
high. The significance of the difference in rates 
of return to work between working and dis- 
abled patients is created by the high rate of re- 
habilitation of working men (97%). In contrast 
to the reports of others [6, 14, 18, 19], the dura- 
tion of preoperative disability in this series did 
not significantly influence rehabilitation. As 
many patients disabled for more than one year 
returned to work as did those who were dis- 
abled for more than one month. 

Postoperative rehabilitation is a principal 
objective of bypass surgery, but the duration of 
postoperative employment is as critical as the 
initial rehabilitation itself. Anderson and as- 
sociates [18] reported that of men under age 55, 
90% worked at least four years whereas only 
44% of men over 60 worked to age 65. These 
authors reported that only 22% of their patients 
who were disabled preoperatively worked four 
years. In our experience, 70% of the male pa- 
tients worked to retirement age and an addi- 
tional 10% worked up to nine years beyond 
retirement age. Furthermore, there was no dif- 
ference in duration of work between those who 
were working and those who were disabled 
preoperatively. Comparable portions of each 
group worked to retirement age, died or quit 
work prematurely, or worked beyond retire- 
ment age. These favorable results in long-term 
duration of work suggest that rehabilitation is 
not a transitory placebo effect of surgery. 

The cost-effectiveness of coronary artery 
surgery is also of great importance. A sub- 
stantial portion of the health care dollar is being 


devoted to this operation [4], which is seen by 
some [5] to have little value beyond improve- 
ment in quality of life, temporary relief of 
symptoms, and prolongation of life for a small 
segment of the patient population. In this series 
of patients, the salary produced postoperatively 
by those rehabilitated patients who returned to 
work was four and a half times greater than the 
total cost of care, including disability payments 
for the entire patient population. In analyzing 
the cost/benefit of this surgery, the potential 
productivity of those patients who were work- 
ing at the time of operation cannot be pre- 
dicted. Many might have worked for years de- 
spite their symptomatic limitations, and there 
is no evidence that their state of productivity 
was altered by surgical intervention. However, 
203 patients who were either disabled for more 
than one month or were retired preoperatively 
returned to gainful employment postopera- 
tively. It is reasonable to assume that their work 
status was positively altered by surgical inter- 
vention. During the years they have worked, 
the production by these truly rehabilitated pa- 
tients is $8.5 million in excess of the cost of care 
for the entire patient population. 

In this series, recurrent symptomatic disease 
(which implies more aggressive atherosclerosis 
or graft failure) requiring a second or third op- 
eration negatively influenced return to work, in 
that only 61% of patients were working after 
the second operation as compared to 79% 
working following the first procedure. How- 
ever, the attrition was largely due to retirement 
by patients over age 62. The fact that more than 
60% of these patients remained employed de- 
spite multiple procedures suggests that reoper- 
ation when it is clinically indicated is valuable. 
As was the case for patients having a single 
operation, the cost-production data for the 
multiple-procedure group also support the ap- 
propriateness of reoperation in that the re- 
habilitated patients produced 2.7 times more 
income than the cost of care for the entire pa- 
tient group. 

Because of the difficulty in fixing dollar costs 
for the value of life, economic data for the 22 
patients who died at operation or who died late 
postoperatively from various causes were not 
considered in this study. This approach ap- 
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pears justified because it is not known how 
many patients would have survived in the ab- 
sence of surgical intervention. Furthermore, we 
have not attempted to consider the potential 
costs of continuing disability payments that 
patients would have received had they not been 
operated upon, because the data are conjec- 
tural. We also recognize that the analysis of 
economic data accrued to the rehabilitated pa- 
tients is based on the assumption that their dis- 
ability would not have changed in the absence 
of surgery. 

David [6] and Oberman and Kouchoukos [19] 
make the observations that may be the most 
critical in rehabilitation of coronary surgical 
patients. David [6] attributed the failure of 
work rehabilitation in 60% of his patients to 
medical advice. If patients’ physicians, fami- 
lies, and employers do not actively encourage 
return to work, that goal may be lost. It is 
clear that postoperative functional capacity is 
returned to near-normal levels in most patients, 
and on that basis there is no reason why they 
could not return to work. If there are significant 
differences between our results and those re- 
ported by others, they may stem from the 
nature of this medical practice. A relatively 
large number of our patients (20%) are self- 
employed. All patients in this series were per- 
sonally interviewed by the surgeon preopera- 
tively and each was followed postoperatively by 
personal office visits at fixed intervals. The pa- 
tients and their families were psychologically 
prepared before operation to understand that re- 
habilitation is the immediate goal of the op- 
_ eration. In the final analysis, it may be that 
successful rehabilitation will depend on mainte- 
nance of low operative mortality and morbidity 
rates, and on the impact of the individual 
physician on the motivation of patients. 

In summary, when compared to the less op- 
timistic reports of others cited here, this study 
shows that coronary artery surgery can result in 
enduring rehabilitation and economic benefit 
to patients. These conclusions are based on the 
following observations: 


1. Motivation to return to work postoperatively 
is strongly influenced by age and level of 


education. Furthermore, these two factors 
are closely interrelated. 

2. Preoperative job classification does not in- 
fluence rehabilitation. 

3. Preoperative retirement more strongly influ- 
ences postoperative rehabilitation than does 
preoperative disability. 

4. Patients under age 55 are more likely to re- 
turn to work than are patients over that age. 

5. The duration of preoperative disability does 
not influence rehabilitation. 

6. Eighty percent of the patients worked to 
or beyond retirement age; duration of 
work was not influenced by preoperative 
disability. 

7. Postoperative salary production by reha- 
bilitated patients was four and a half times 
greater than the total cost of care and dis- 
ability payments for the entire patient popu- 
lation. 

8. Reoperation for recurrent disease effectively 
rehabilitated a substantial number of pa- 
tients and appears to be cost effective from a 
strictly rehabilitation standpoint. 

9. Perhaps the most important factors in re- 
habilitation are the psychological prepara- 
tion of patients and their families and the 
attitude of patients’ physicians and em- | 
ployers concerning rehabilitation. 
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Notice from the Southern Thoracic Surgical Association 


The Twenty-ninth Annual Meeting of the 
Southern Thoracic Surgical Association will be 
held at the Hyatt on Hilton Head Island, Hilton 
Head Island, SC, November 4—6, 1982. There 
will be a $100 registration fee for nonmember 
physicians except for guest speakers, authors 
and co-authors on the program, and residents. 
There will be a Postgraduate Program on Cur- 
rent Concepts in Thoracic and Cardiac Surgery. 
This meeting has been approved for Category I, 
14 hours CME credit. 


The Scientific Program appears at the end of 
this issue of The Annals of Thoracic Surgery (pp 
345-347). Manuscripts of papers accepted for 
the program must be in a form suitable for The 
Annals of Thoracic Surgery and given to the 
Secretary-Treasurer prior to presentation. 

Hotel reservations are sent to members. 
Guests may correspond with the Hyatt on Hil- 
ton Head Island, Attn. Reservations Depart- 
ment, PO Box 6167, Hilton Head Island, 
SC 29928; phone (803) 785-1234. 


QUANTUM 


Intermedics Takes The Quantum Leap 
In Advanced Telemetry. 





Better patient management with instant telemetry. 


Quantum Gives You Actual 
From Across The Room 





y More clinical data for better patient management. 

\ Now physicians can quickly and easily get parametric data never before 
available from an implanted pacemaker. Whether your patientisin your —, 
office, at home, or across the country, Quantum gives you instant access to 

the condition of his pacing system via sophisticated telemetry transmission. 
The easy-to-learn, easy-to-use Quantum system requires no complicated 
electronicinstrumentation. Just place the telemetry decoder over the patient's 
implanted pacemaker, press the measure key, and receive a digital display of 
pacing parameters. For remote monitoring the patient transmits the data to the 
decoder over the phone. It couldn’t be simpler. 


Printed records for accurate patient files. 
The Quantum printer gives you an automatic printout of all measured data for perma- 
nent record keeping. Just place the decoder on the printer and press the button. Your files 
will be accurate and complete. 
At the touch of a button you get: 
E Pacemaker parameters: Rate, interval, pulse 
width, pulse amplitude, sensitivity setting and 
output current. 
E Lead parameters: Impedance, charge delivered 
and energy delivered. 
E Battery parameters: Voltage, current and impedance. 


More information makes your clinical decisions easier. 
Quantum provides you with more patient information than 
any other system available. It offers complete pacing data in the 
ed mode or the magnet mode, at your option. 
With this information, you can confirm the pacemaker’s 









dperation, and determine what adjustments to make for best results. 
Patient management is easier and more comprehensive. 


Expanded programming plus telemetry mean better patient X 
management. É 
Quantum offers complete output tuning capabilities with program- ra 
nable pulse amplitude and pulse width. This allows the poe A 
‘ian to determine strength/duration curves non-invasively and 


0 program the pacemaker to assure capture while conserving i 
anergy. i Í 
In addition to amplitude and pulse width, Quantum offers ae 
full selection of pacing rates, sensitivities, and modes. 

(hese expanded programming options combined with 
Juantum’s sophisticated telemetry, mean improved 
cute and chronic patient management. 

Quantum is a complete pacing system, including 
‘Decoder, Printer, Transmitter, ereda 
’rogrammer, and three pacemakers, represent- 

"6 the most sophisticated technology avail- 
ble today. Take the Quantum Leap to better 
vatient management. 
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An Actual Case History" 


Patient: MALE 

Age: 81 YEARS 

Diagnosis: HEART BLOCK, BRADYCARDIA 
WITH EPISODES OF VENTRICULAR 


ologist and implanting surgeon led to a decision to 
reposition the lead. Repositioning surgery was suc- 
cessful. 
Normal pacing and sensing were observed after 
itioning. Successive telemetry measurements 
showed stable lead parameters, verifying that a 


_ TACHYCARDIA more satisfactory position had been achieved. The 
Indication for Pacing: ARRHYTHMIA patient was discharged following good post- 
(BRADYCARDIA) CONTROL operative recovery and subsequent telemetry 


follow-up demonstrated chronic lead stability. 


The patient received a Quantum model 253-09 
pulse generator with a transvenous unipolar lead. 
Intra-operative fluoroscopy and threshold testing 
indicated acceptable lead position. 

Eighteen hours post implant, telemetry 
measurements displayed lead parameters that 
fluctuated widely, as shown in three successive 
telemetry printouts. The patient was uncomfortable 
and while there was no evidence of loss of capture 
on the EKG, pacing and sensing were irregular. Fur- 
ther investigation and discussion between the cardi- 
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Symptomatic Status and Pattern 
of Employment During a Five-Year Period 
Following Myocardial Revascularization for Angina 


L. Guvendik, F.R.C.S., M. Rahan, and M. Yaecoub, F.R.C.S. 


ABSTRACT The employment status of 100 con- 
secutive male patients between the ages of 30 and 60 
years (mean, 49.5 years) operated on for angina and 
followed for a minimum of 5 years was analyzed. 
There were no early and 4 late deaths. The probabil- 
ity of employment at 1 year was 90%, which was 
similar to that of a sample from the general popula- 
tion matched for age. This rate, however, showed 
steady, slow deterioration to 87.6% at 2 years, 82.1% 
at 3 years, 75.7% at 4 years, and 73.4% at 5 years. 
Seventeen patients retired over the 5-year period. 
There was no correlation between the rate of em- 
ployment and age (under or over 50) at operation, 
previous myocardial infarction, or number of grafts 
inserted. 


Coronary artery bypass surgery has been 
shown to be effective in relieving angina [1-3]. 
Medically uncontrollable angina constitutes the 
main indication for myocardial revasculariza- 
tion, which can provide complete relief of pain 
in the majority of cases. Many series have also 
shown improved ventricular function [4, 5], re- 
duced incidence of myocardial infarction [6], 
and some evidence of increased survival [7—9]. 
The costs as well as the number of operations 
performed annually have risen steadily over the 
last decade. In previous reports, the rate of em- 
ployment following myocardial revasculariza- 
tion determined shortly after surgery has var- 
ied in different couniries [10—14]. 

The purpose of this study was to analyze the 
pattern of employment over a minimum of 5 
years and attempt to define some of the factors 
that may have influenced employment post- 
operatively, and to compare these to employ- 
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ment patterns in the population of England and 
Wales. 


Patients and Methods 

One hundred consecutive male patients be- 
tween 30 and 60 years old (mean, 49.5 years), 
who had myocardial revascularization for an- 
gina between June 1, 1970, and December 31, 
1973,. were selected for this study. Because of 
inherent difficulties of assessing employment 
status in a small number of female patients, 
women were excluded from the study. Also, 
patients who had clinical symptoms and signs 
cf heart failure, and of severe impairment of 
left ventricular function as demonstrated by left 
ventriculography, were excluded. Congestive 
heart failure was defined as dyspnea on éxer- 
tion or at rest associated with paroxysmal noc- 
turnal dyspnea or peripheral edema. 

The upper age limit of 60 was chosen to give 
the patient a chance to gain employment for a 
minimum of 5 years before reaching the official 
retirement age of 65. During the period of the 
study, a total of 287 patients underwent coro- 
nary artery bypass surgery at Harefield Hospi- 
tal; in 61 patients, other intracardiac operations 
were also performed. One hundred patients in 
this study were selected from the 226 who had 
only myocardial revascularization. Two pa- 
tients were lost to follow-up shortly after oper- 
ation and 4 died during the 5-year period. The 
remaining 94 patients were asked to complete a 
questionnaire containing detailed questions 
regarding their symptoms, employment, and 
social activities before and after operation. 

All 98 patients followed were regularly inter- 
viewed and examined as outpatients with chest 
roentgenograms and electrocardiograms (ECG) 
during the follow-up period. Before operation, 
56 were in Functional Class IV of the New York 
Heart Association classification, 35 in Class MI, 
and 7 in Class Il. The duration of symptoms 
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before operation varied from 1 month to 25 
years (mean, 55 + 4.5 months). Fifty-nine pa- 
tients had a total of 81 myocardial infarctions, 
which were documented by ECG and serum 
enzyme changes. Of the 100 patients in this 
study, there were 66 with triple-, 33 with 
double-, and 1 with single-vessel disease. Left 
ventricular function as assessed by ventriculo- 
graphy was judged normal in 23, mildly im- 
paired in 47, and moderately impaired in 30 
patients. Sixty-nine had 129 admissions into a 


hospital for treatment of angina and stayed as 


inpatients for a mean of 48 days per patient 
(0.244 day per patient-year) during the preced- 
ing 2 years (mean, 1.37 admissions; 0.658 ad- 
mission per patient-year). 

All the operations were performed by the 
same surgeon, using cardiopulmonary bypass 
with mild hypothermia and intermittent aortic 
cross-clamping with induced fibrillation. The 


100 patients received a total of 196 coronary ar- ` 


tery bypass grafts. The internal mammary ar- 
tery was utilized for 8 grafts and reversed 
saphenous vein for 188. Ninety-five grafts were 
inserted to the left anterior descending artery, 
78 to the right coronary artery, and 23 to the cir- 
cumflex artery and its branches. Fifteen pa- 
tients had single grafts, 74 had double grafts, 
and 11 had triple grafts. Two patients required 
reoperation for recurrent angina and an addi- 
tional 3 grafts were placed, 1 to the posterior 
descending, 1 to the left anterior descending, 


and 1 to the circumflex coronary artery. Five 


patients had perioperative infarctioris docu- 
mented by ECG and serum enzyme changes. 
There were no early deaths (within 30 days) 
and 4 late deaths during the period of the 
study. The early mortality rate was 3.5% (8 
deaths) among the 226 patients who had iso- 
lated myocardial revascularization during the 
same period, including those in failure or car- 
diogenic shock. 

In order to assess the improvement in angina 
after operation, the 98 patients available for 
follow-up were classified into three groups ac- 
cording to the degree of pain relief obtained. 
Those who had no angina constituted the 
“angina-free’’ group, those who improved con- 
siderably but still experienced angina were 
called the “improved” group, and those who 
had no benefit from the operation or whose 


symptoms actually worsened were grouped 
under “no change or worse.” During the 5-year 
follow-up period, some of those in the 
angina-free group developed mild symptoms 
and therefore were moved into the improved 
group, and a small number moved into the no 
change or worse group. The symptomatic status 
of the 98 patients for each completed follow-up 
year is shown in Figure 1. © 

One year after operation, 66 patients reported 
complete relief of their angina (68%), 28 had 
considerable improvement (28.8%), and 3 had 
no improvement or worsening of their angina 
(3%); 1 patient committed suicide 9 months 
after operation. After 5 years, 22 of the patients 
experiencing nc angina at 1 year had recur- 
rence, leaving 44 angina-free patients at the end 
of the study (46.8%); 40 patients were in the 
improved group and 10 were in the no change 
or worse group. Sixteen patients required 31 
hospital admissions for treatment of recurrent 
angina; they stayed an average of 27 days (0.047 
admission and 0.05 day per patient-year after 
operation). Two patients had late myocardial 
infarctions, 42 end 45 months postoperatively. 

Sixty-six patiants underwent reinvestigation 
by coronary angiography from 2 weeks to 60 
months after operation. The indication for in- 
vestigation was recurrent angina in 17 patients ' 
and routine assessment of graft patency in 49. 
Graft patency in relation to time is shown in 
Figure 2. Of the 138 grafts restudied, 27 were 
occluded. As illustrated in Figure 2, 1 of the 14 
grafts reinvestigated after 3 months, 2 of 22 
between 6 and 12 months, 13 of 61 between 1 
and 3 years, and 11 of 41 between 3 and 5 years 
postoperatively were found to be occluded. 


Results 

Survival 

Of the 100 patients included in the study, 2 
were lost to fcllow-up and 4 died during the 
5-year follow-up period (Table 1). The cause of 
death was suicide in 1 patient, myocardial in- 
farction in another, and unknown in 2. 


Employment Stctus 

Of the survivirg patients, 90.7% (88 of 97) were 

employed at 1 year, 87.6% (85 of 97) at 2 years, 

82.1% (78 of 9£) at 3 years, 75.7% (72 of 95) at 4 

years, and 73.4% (69 of 94) at 5 years. Only 3: 
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Fig 2. Graft patency at different times after coronary 
artery surgery. 


patients held part-time positions; the remain- 
der were all employed full-time. Over the 5- 
year period, 17 patients retired prematurely 
(before the age of 65), 6 did not return to work 
after coronary bypass surgery, and 2 became 
unemployed after 3 and 4 years of employment. 
Fourteen of the patients prematurely retired 
were over age 55, as opposed to 3 who were 
aged 55 or below. Postoperative employment is 
depicted in Figure 3 as actuarial curves. 
Fifteen patients had been unemployed a 
mean of 7.7 months (range, 1 to 12 months) be- 
fore their admission for operation. (A further 21 
patients, although employed, had lost more 
than 90 working days during the preceding 2 
years.) One year after operation 4 were still un- 
‘employed and 11 (74%) had returned to full- 
time employment. Of 7 patients who had been 
unemployed longer than 1 year preoperatively, 
4 remained unemployed and 3 reentered em- 
ployment during the 5-year period. In contrast, 
5 who had been unemployed less than 6 months 
all returned to work after operation. Forty-six of 


ras | ioo aai 


‘improved ' 


‘Angina tree’ 


the 98 patients (46.9%) had returned to work by 
the end of the third postoperative month; 80 
(81.6%) were employed 6 months after opera- 
tion. By the end of the year, 88 of the 97 sur- 
viving patients were employed (90.7%). 

The economic activities of the 98 patients 
were compared with a sample of 98 men taken 
from the matched population of England and 
Wales (Census 1971, Great Britain, Economic 
activity, Part 1). The expected pattern of eco- 
nomic activity was calculated; the results are 
shown in Table 2. In the matched population, 
the expected rate of employment would be 
53.3% at any time. In our study the employ- 
ment rate was 90.7% 1 year after operation, 
87.6% at 2 vears, 82.1% at 3 years, 75.7% at 4 
years, and 73.4% at 5 years. l 


Change of Employment 

Patients were classified according to occupation 
on the folowing lines: A, professional; B, of- 
fice, managerial or junior; C, manual, any de- 
gree of skill; D, owner of small business or 
shop; E, skilled nonmanual. Preoperatively, 8 
of the 100 patients were in Group A, 19 in Group 
B, 48 in Group C, 8 in Group D, and 17 in 
Group E. There were 32 immediate changes in 
employment among the 98 followed patients 
after surgery. One of these was a promotion 
(lorry driver to transport manager) and 1 was a 
redundancy not due to health (later reentered 
employment}. Omitting these 2 patients, the 
balance of 30 are classified as follows: 2 patients 
in Group A, 3 patients in Group B, 18 in Group 
C, 4 in Group D, and 3 in Group E.changed 
their employment postoperatively. These fig- 
ures showed a tendency for manual and semi- 
manual jobs to have a higher rate of change 
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Table 1. Cause and Time of the 4 
Postoperative Deaths 
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51 9 Suicide 

54 26 Unknown 

38 36 Unknown 

30 56 Myocardial 
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Fig 3. Cumulative probability of postoperative employ- 
ment: actuarial values for employment, with SEM in 
parentheses. 


than the others, but these changes were not 
statistically significant. The data on 30 job 
changes indicated that these were made in 
favor of lighter work, part-time work, or less 
stressful occupations, and 2 of small businesses 
that declined during their owners’ health 
problems. 


Effect of Age on Employment 

The ages of those involved in a change of occu- 
pation ranged from 36 to 60 with a mean of 48.8; 
the ages of the remainder were from 30 to 60 
with a mean of 50.5 years. There was no statisti- 
cally significant difference between the two 


groups based on age alone. Of particular inter- 
est was the finding that there was no statisti- 
cally significant difference in the rate of em- 
ployment between patients under and over the 
age of 50. 


Effect of Previous Myocardial Infarction 

and Symptom Status 

Analysis of previous myocardial infarctions and 
the number of grafts received at operation indi- 
cated no statistically significant relationship 
with employment status. However, combining 
the angina-free and improved groups and using 
the chi-square test, there was a difference be- 
tween the two, significant at the 2.5% level. 
More asymptomatic patients and fewer of the 
improved group were employed than would be 
expected. 


Comment 

The escalating cost as well as the number 
of operations performed annually warrants 
further analysis of cost effectiveness of 
surgical treatment for angina. Postoperative 
employment status is one of the determi- 
nants of cost effectiveness. The effect of 
operation on the patient’s work status has been 
claimed to be less dramatic than the relief of an- 
gina and improvement in exercise tolerance [11, 
15-17]. The rate of employment after myocar- 
dial revascularization shortly after operation 
has varied in different countries from 62% to 
83% [10-13] 1 year after operation. In our study 
the rate was higher (90%). The pattern of em- 
ployment after the first year of operation has 
not been adequately studied before. In our se- 
ries there was apparent slow deterioration in 
employment status, which by the end of 5 years 
reached 73%. A comparison of the employment 
rate of our patients with the matched male 


Table 2. Employment Status of 98 Patients 1 and 5 Years after Myocardial Revascularization 
Compared with a Matched Population from England and Wales 


Data Matched Population Patients at 1 Year Patients at 5 Years 
Total population 98 97 94 

Employed 93.3% 90.7% 73.4% 
Unemployed 3.0% 7.3% 8.6% 

Retired 0.6% 2.0% 18.0% 

Other 2.9% 
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population of England and Wales showed less 
than 3% difference 1 year after operation but 
nearly 20% at 5 years. No data are available re- 
garding the rate of change in employment 
status of patients with angina receiving medical 
treatment. 

In this series the deterioration in employ- 
ment seems closely related to symptomatic 
status and might reflect continued slow prog- 
ress of the disease. This trend might be influ- 
enced by more vigorous secondary prevention; 
no data are available on that possibility as yet. 

To establish the different factors that may 
determine return to work after coronary bypass 
surgery, multivariate analyses were performed 
studying the effect of age, previous myocardial 
infarctions, number of grafts inserted, graft oc- 
clusion, and symptomatic status. There was no 
statistically significant relationship between 
the number of grafts placed or previous 
myocardial infarction and employment. How- 
ever, the rate of employment did not differ 
between the groups aged 50 and less and over 
50 years. 

Significant differences were found between 
the number of patients admitted to the hospital 
and the mean stay per patient before (p < 0.001) 
and after (p < 0.01) operation. The number of 
hospital admissions and the average stay were 
greater before operation. 

From the present data, if a person had been 
unemployed longer than 1 year preoperatively, 
reemployment after operation was less likely. 

We found no relationship between graft occlu- 
sion and symptomatic status as the numbers 
were too small to draw any statistical con- 
clusion. This study shows that successful coro- 
nary bypass surgery improves the symptomatic 
status and quality of life, affects the employ- 
ment status favorably, and reduces the number 
of hospital admissions and stay in an econom- 
ically active group of male patients whose main 
symptom is incapacitating angina and whose 
myocardial reserve is clinically and angio- 
graphically good. However, with the passage of 
time there was steady, slow deterioration. 
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Surgical Treatment in Ebstein’s Malformation 


Stephen Westaby, F.R.C.S., Robert B. Karp, M.D., John W. Kirklin, M. D., 
Albert L. Waldo, M.D., and Eugene H. Blackstone, M.D. 


ABSTRACT Between January, 1967, and July, 1981, 
24 patients with Ebstein’s malformation underwent 
surgical repair. Sixteen had tricuspid valve replace- 
ment; 8 did not. All interatrial communications were 
closed. Two patients had plication of atrialized ven- 
tricle. Twenty had dysrhythmias; these were surgi- 
cally treated in 4. Four patients (17%), each with 
valve replacement, died in the hospital (70% confi- 
dence limits, 9-28%); 3 of these were among the 6 


patients who were preoperatively in New York Heart 


Association Functional Class IV. There were 3 late 
deaths, 1 from noncardiac causes and 2 from persis- 
tent tricuspid regurgitation in patients without valve 
replacement. No late deaths or valve-related compli- 
cations occurred in the valve replacement group. 
Dysrhythmias remain a problem, although most pa- 
tients are symptomatically improved after operation. 

This experience suggests that good early and late 
results are obtained with replacement of incompe- 
tent tricuspid valves if this is done before advanced 
symptomatic deterioration, that plication rarely is 
necessary, and that rhythm disturbances should be 
recognized and appropriately managed. 


Patients with Ebstein’s malformation are con- 
sidered for surgical intervention for a variety of 
reasons, including the presence of cyanosis, 
congestive heart failure, and symptomatic elec- 
trophysiological abnormalities. With few ex- 
ceptions [1-3], papers concerned with the sur- 
gical treatment of Ebstein’s malformation deal 
with few patients and contain limited follow- 
up information after a variety of surgical ap- 
proaches [4-6]. Consequently, considerable 
uncertainty remains about the appropriate 
operative intervention for such patients and its 
timing. Thus, we have reviewed our surgical 
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experience with this malformation in order to 
provide information which may þe useful in 
managing such patieńts in the future. 


Patients and Methods 

Between January, 1967, anid July, 1981, 24 pa- 
tients with Ebstein’s malformation and con- 
cordant atrioventricular and ventriculoarterial 
connections underwent operation at The Uni- 
versity of Alabama in Birmingham Medical 
Center. There were 10 male and 14 female pa- 
tients. They ranged in age from 3 to 55 years 
(median, 20 years). 

Data were gathered from each patient’s hos- 
pital record concerning his or her initial clin- 
ical features, pathophysiological findings, sur- 
gical treatment, and hospital mortality. Late 
follow-up information was obtained by con- 
tacting survivors by telephone in August, 1981. 
Data concerning patients dying after hos- 
pital dismissal were obtained from relatives, 
from attending physicians, and, when possible, 
from rehospitalization records. Survivors were 
queried as to their present functional capacity 
(expressed by the New York Heart Association 
[NYHA] Functional Classification), their status 
as regards arrhythmic symptoms, and any other 
event such as reoperation. All patients were 
traced. Follow-up ranged from 1 month to 13 
years (median, 30 months). Actuarial survival was 
obtained using the product-limit method [7]. 


Presenting Clinical Features 

Thirteen of the 24 patients were in NYHA Class 
II and 6 were in Class IV at the time of referral. 
Nine required digoxin and diuretics for con- 
gestive cardiac failure, and 2 had advanced 
hepatorenal failure. Ten had recent and pro- 
gressive deterioration in exercise tolerance. 
Twenty-one of the 24 patients were cyanosed 
on exertion. Nine were severely cyanosed « 
(hematocrit range, 57 to 82%; mean, 64%), 7 
were moderately cyanosed (hematocrit range, 
46 to 58%; mean, 54%), and 5 were mildly 
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cyanosed (hematocrit range, 43 to 59%; mean, 
45%). Two patients required repeated phle- 
botomy to control polycythemia. Of the 3 pa- 
tients without cyanosis, 1 had no atrial septal 
defect and 2 had left-to-right shunts at the atrial 
level. Five patients had suffered cerebral emboli 
with transient ischemic attacks or resolving 
hemiparesis. One 16-year-old was in NYHA 
Class I with previously unsuspected Ebstein’s 
malformation, but suffered a cerebral embolus 
and developed a cerebral abscess. Twenty 
patients had arrhythmic symptoms, 7 with re- 
current syncopal attacks and 15 requiring con- 
tinuous drug therapy (see under Persistent Ar- 
rhythmias). 


Pathophysiological Features 

For this review, the degree of preoperative 
tricuspid regurgitation was estimated from three 
sources: the angiographic report, the surgeon’s 
digital assessment at operation, and hindsight 
after surgical correction. Sixteen of the 24 pa- 
tients had severe tricuspid incompetence. Two 
of the 5 patients without tricuspid incompe- 
tence had important tricuspid stenosis (Table 
1). Digital examination appeared accurate in all 
but 1 case. This patient was judged at operation 
to have only mild regurgitation, and his valve 
was preserved. In the postoperative period he 
had clinically marked incompetence. He is 
therefore included in the severe group. 

All but 1 patient had an interatrial communi- 
cation. In 12, this was a patent foramen ovale, in 
10 a fossa ovalis atrial septal defect, and in 1 an 
interatrial communication as part of an atrio- 
ventricular canal defect. At catheterization, 2 
patients had a left-to-right shunt at rest and 3 
had a bidirectional shunt. The remaining 18 
patients had a right-to-left shunt. 

In 1 child, an element of infundibular obstruc- 
tion was present from an enlarged membranous 
anterior tricuspid leaflet. 

Two patients had associated cardiac malforma- 
tions. One had valvular pulmonary stenosis re- 
quiring dilation. Another had a partial form of 
atrioventricular canal defect requiring repair of 
the left atrioventricular valve. 


Electrophysiological Features 
Right bundle-branch block was present in all 
patients. Three had Wolff-Parkinson-White 


Table 1. Tricuspid Incompetence Prior to Surgical 
Treatment of Ebstein's Malformation (N = 24) 


Preoperative 


Tricuspid Incompetence No. of Patients 


None? . 5 
Mild 2 
Moderate 1 
Severe 16 

Total 24 


aTwo patients had major tricuspid stenosis. 


syndrome (WPW), and 2 others had chronic 
atrial fibrillation. First-degree atrioventricular 
block was present in 4 patients and second- 
degree blocx in 2. Of 15 cases of paroxysmal 
tachycardia other than WPW or atrial fibrilla- 
tion, 3 were documented as paroxysmal atrial 
tachycardia and 1 as ventricular tachycardia. 
The remaining 11 were undefined. 


Indications for Operation 

The principal reason for surgical intervention 
was defined for each patient (Table 2). In many 
cases of heart failure or decreasing exercise tol- 
erance, the patient also experienced trouble- 
some arrhythmia, episodes of thromboembo- 
lism, or severe cyanosis on exertion. 


Operations Performed 

Two main categories of operation were per- 
formed: tricuspid valve replacement (16 patients), 
with closure of the interatrial communication in 
the 15 patients in whom it was present, and clo- 
sure of an interatrial communication with no 
valve replacement (8 patients). 

Fifteen of the 16 patients undergoing tricus- 
pid valve replacement had severe tricuspid re- 
gurgitation, and 1 had tricuspid stenosis. The 
prosthesis for valve replacement was a stent- 
mounted glutaraldehyde-preserved porcine 
xenograft iņ 13 patients and a mechanical 
prosthesis in 3 (Braunwald-Cutter ball valve, 
Bjérk-Shiley tilting-disk valve, and Starr- 
Edwards ball valve). Since 1972, the valve has 
been placed above the coronary sinus on the 
septal aspect, in order to avoid the conduction 
tissue. On the anterior and inferior aspect, su- 
tures are placed in the true annulus. Two pa- 
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Table 2. Indications for Surgical Treatment of Ebstein's Malformation 


Principal Indication for Operation 


Heart failure? 

Life-threatening arrhythmia? 

Severe cyanosis (R->L shunting) 

LR shunting 

Tricuspid stenosis and RV outflow obstruction 


Total 


No. of Patients 


NYHA Functional Class 


19 HI or IV 
2 II 
1 u 
1 I 
1 I 
24 


aCongestive (right) heart failure or effort intolerance. All had moderate or severe cyanosis from R>L shunting. 


bOne had L>R shunting; 1 had intact atrial septum. 


NYHA = New York Heart Association; RL = right-to-left; LR = left-to-right; RV = right ventricular. 


tients, in whom the atrialized portion of the 
ventricle was thin, fibrous, and aneurysmal, 
underwent plication of this area in addition to 
valve replacement. One other patient previ- 
ously had undergone unsuccessful plication 
(Hardy valvuloplasty) at our institution for se- 
vere tricuspid regurgitation. 

In 8 patients, tricuspid regurgitation was 
judged by the surgeon to be absent, mild, or 
moderate, and valve replacement was not per- 
formed. As noted earlier, this judgment was not 
always correct. Tricuspid valvotomy was per- 
formed in 1 of these patients with a competent 
but severely stenotic valve, which resulted in 
tricuspid regurgitation. 

Closure of the interatrial communication was 
by direct suture or, more recently, by pericar- 
dial or Dacron patch. 


Operation for Arrhythmia 
Intraoperative electrophysiological mapping 
was performed in 4 patients with persistent 


life-threatening arrhythmia. In 2 with WPW, 
accessory conduction pathways were sectioned. 
A third patient underwent right ventriculotomy 
and interruption of a presumed reentry circuit 
for recurrent ventricular tachycardia. The fourth 
patient had both sinus and atrioventricular 
node dysfunction with second-degree atrioven- 
tricular block and repeated attacks of supra- 
ventricular tachycardia. No accessory pathways 
were discovered; therefore, the bundle of His 
was ablated and a sequential pacemaker system 
was implanted. l 


Results 

Hospital Mortality 

There were 4 hospital deaths. All 4 patients 
died in cardiac failure between 6 hours and 16 
days after operation following tricuspid valve 
replacement (Table 3). Three of these patients 
were severely debilitated before operation 
(NYHA Class IV). The fourth patient (NYHA 
Class II) was the one with partial atrioven- 


Table 3. Hospital Mortality after Repair of Ebstein's Malformation 





Operation and NYHA No. of 
Functional Class Patients 
Tricuspid valve replacement® 16 
Class II 2 
Class III 9 
Class IV 5 
Closure of atrial septal defect 8t 
Totali ` 24 





Hospital Mortality 

No. % CL (%) 
4 25 13-41 

CG 1-28 

Je fl out of 11) g» 

3 60° 29-86 
0 0 0-21 
4 17 9-28 


a a a E i 
aFifteen of 16 also had atrial septal defect, which was repaired. 


bFisher exact test for difference: p = 0.06. 
Patient also had partial atrioventricular canal defect. 


4One patient also had tricuspid valvatomy and died late postoperatively. 
NYHA = New York Heart Association; CL = 70% confidence limits. 


391 Westaby et al: Ebstein’s Malformation 


Table 4. Late Results of Surgical Treatment for Ebstein's Malformation 





Late Deaths 
Operation Hospital Survivors No. % CL (%) 
Tricuspid valve replacement 12 0 0 0-15 
Closure of atrial septal defect 8 3 38 17-62 
Total 20 3 15 7-28 


4Actuarial survival at 30 months is 71% (CL = 51-84%). 
CL = 70% confidence limits. 


tricular canal defect. He suffered troublesome 
«ventricular tachycardia before chest closure. In 
view of a history of recurrent tachycardia, car- 
diopulmonary bypass was reinstituted and, 
after electrophysiological mapping, right ven- 
triculotomy for division of a reentry pathway 
was performed. After this, there was difficulty 
in discontinuing bypass, and right ventricular 
function remained poor. 

No patient without valve replacement died in 
hospital. Only 1 of these patients was in NYHA 
Class IV, the remaining 7 being in Class I (N = 
1), H (N = 3), or M (N = 3). 


Late Results 

Three late deaths occurred, at 6 weeks, 5 
months, and 7 years postoperatively, respec- 
tively, an actuarial survival rate of 71% (70% 
confidence limits, 51 to 84%) at 30 months. Two 
of these deaths were related to persistent 
tricuspid regurgitation in patients who had not 
had valve replacement (Table 4). The first re- 
sulted from severe tricuspid regurgitation in 
a child (preoperative NYHA Class II) who 


underwent tricuspid valvotomy for a large 
obstructive anterior leaflet. She died following 
open drainage of a large pericardial effusion 6 
weeks after operation. The second patient was 
left with persistent tricuspid regurgitation after 
closure of his atrial septal defect and inaccurate 
assessment of the degree of tricuspid regurgi- 
tation. Cyanosis recurred and he died 7 years 
later, after progressive deterioration and even- 
tual emergency replacement of the tricuspid 
valve and reclosure of his atrial septal defect. 
The third patient died suddenly from rupture of 
a cerebral aneurysm. The remaining 17 patients 
are in NYHA Class I or II with good symptom- 
atic relief (Table 5). 


Persistent Arrhythmias 

Twenty of the 24 patients had preoperative ar- 
rhythmia; 16 of these 20 survived operation 
(Table 6). Persistent arrhythmia has been a 
problem in long-term survivors, but no patient 
has experienced an arrhythmic death. Im- 
provement in arrhythmia status occurred in 10 
of the 16 patients, only 2 of whom had an oper- 


Table 5. Functional Result in Hospital Survivors of Operation for Ebstein’s Malformation (N = 20) 





Postoperative Status and NYHA 
Functional Class (No. of Patients) 





Preoperative NYHA Functional Class Dead 
I 

I 1 

Ill 1 

IV 1 
Total 38 


I Il Tl IV 

1 0 

2 2 

5 5 

0 oe 

8 (47% a. 19 (53% 0 0 
of 17) of 17) 


"Occurred 1.5 months, 5 months, and 7 years after operation. All had no tricuspid replacement or annuloplasty. 


NYHA = New York Heart Association. 
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Table 6. Arrhythmias after Surgery for Ebstein's Malformation 





Postoperative Arrhythmia 
Status — 
No. of Hospital Late 

Preoperative Arrhythmia Patients Deaths Deaths Improved Same Worse 
Wolff-Parkinson-White syndrome 3 2 1? 
Atrial fibrillation 2 1 1 
Paroxysmal tachycardia 15 3 8 3 1 
None 4 1 2 1 

Total 24 4 3° 10 (59% 6 (35% 1 (6% 

of 17) of 17) of 17) 


“Accessory pathways not cut at operation. 
®No late deaths were ‘arrhythmic. 


ation directed specifically at the arrhythmia. 
Four patients subsequently have suffered ven- 
tricular tachycardia, which required urgent pc 
conversion in 3 of them. In all 4, the ventricular 
tachycardia was recognized only after operation, 
although it is probable that this was present 
preoperatively in each. This group includes 2 
patients with WPW, 1 of whom had undergone 
section of accessory conduction pathways with 
successful ablation of delta waves. The seconc 
patient with WPW, who had successful sectior 
of accessory pathways, still has palpitations bu- 
without evidence of delta waves on electrocar- 
diogram. He is improved overall. The third dic 
not have section of the atrioventricular bypass 
pathway (1969) and remains the same with 
paroxysmal tachycardia. 

Eleven of 16 patients with arrhythmia after 
operation are receiving medication. However, 
arrhythmia has been easier to control by medE 
cal means: For example, only 4 of 12 surviving 
patients with preoperative paroxysmal tachy- 
cardia are not improved. _ 


Heart Block 

The patient who had the previous attempted 
tricuspid repair developed complete heart block 
after valve replacement and now has a perma- 
nent pacemaker. The operation was done in 
1972, and the valve was inserted orthotopically. 


Comment 
The experience described here, together wizh 
the relatively small amount of information 


available from the literature [8-10], allows some 
conclusions to be drawn: about the indications 
for operation and the surgical technique for the 
treatment of patients with Ebstein’s malforma- 
tion. There are, however, certain limitations to 
this study which must be recognized. First, the 
youngest patient operated on was 3 years of 
age. Itis well known that a certain proportion of 
patients born with Ebstein’s malformation die 
in infancy from its effects [8]. The absence of 
infants in this study does not imply that an op- 
eration should not be done in the first weeks or 
months of life, but rather that we have not rec- 
ognized such patients at our institution. Sec- _ 
ond, the many patients seen with Ebstein’s 
malformation who were not operated on be- 
cause their symptoms were mild are not in- 
cluded. 


Preoperative Clinical Status 

Hospital mortality was high in patients ex- 
periencing severe preoperative deterioration 
(NYHA Class IV symptoms), with 3 of 6 such 
patients dying in hospital. Thus, it is apparent 
that in this disorder, as in all other cardiac con- 
ditions, operative intervention should be made 
before the point of deteriorating cardiac status 
is reached: Indeed, this experience provides no 
support for a skeptical attitude toward oper- 
ating on Ebstein’s malformation, since no pa- 
tient with the uncomplicated malformation 
and without severe preoperative deterioration 
(NYHA Class IV) died in hospital (1 death oc- 
curred in the patient with an atrioventricular 
canal defect). 


w 
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The Tricuspid Valve 
We have experienced none of the alleged prob- 
lems with tricuspid valve replacement [2, 4, 5, 
8], despite our use of a variety of prosthetic de- 
vices. The study can be criticized for our having 
given an inadequate trial of tricuspid repair ver- 
sus replacement. This was a conscious decision 
on our part early in the experience, based in 
part upon the morphology of the valve, which 
does not lend itself to repair [11]. Danielson 
and colleagues [2] reported satisfactory early re- 
sults of repair by plication of the free wall of the 
ventricle, posterior annuloplasty, and right 
atrial reduction. We are not aware of convinc- 
ing data, however, that the long-term outcome 
supports repair rather than valve replacement. 
The late problems with tricuspid regurgita- 
tion in our patients who underwent clo- 
sure of interatrial communication alone sug- 
gest that only when certainty exists that the 
tricuspid valve is almost completely competent 
should valve replacement not be.done.: Intra- 
operative assessment of the degree of tricuspid 
regurgitation is not always accurate, suggesting 
that techniques such as preoperative contrast 
echocardiography may be indicated for ob- 


taining this information [12]. 


Ventricular Plication 

Methods of tricuspid valve repair based on pli- 
cation assume that this part of the ventricle is 
functionally useless, although this is by no 
means certain in the presence of a competent 
valve prosthesis (13, 14]. Plication also may se- 
riously reduce the size of the right ventricle in 
some patients. We reserve this technique for 
cases in which the atrialized ventricle is thin, 
aneurysmally dilated, and seen to move 
paradoxically during ventricular systole. In 
practice, this occurs in very few patients. The 
long-term results for those in whom plication 
was not performed indicate that this procedure 
often is not necessary. 


Arrhythmias 4 
Our cautious optimism toward the surgical 
treatment of Ebstein’s malformation is tem- 
pered by the persistence of arrhythmias [15]. 
We have intervened surgically for some of the 
preexisting rhythm disturbances, but 6 of the 16 


1 


survivors with preoperative arrhythmias are 
unimproved after operation. Controversy re- 
mains, however, because there was improve- 
ment in arrhythmia status in the remaining 10 
patients, most of whom were operated on 
primarily for hemodynamic reasons. We recom- 
mend that patients who are seen with arrhyth- 
mias be studied preoperatively to determine 
the mechanism of their rhythm disturbance, 
since many types of arrhythmia are amen- 
able to surgical intervention [16]. 
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Discussion 

DR. WILL C. SEALY (Durham, NC): Over the last 9 
years, I have operated on 17 patients with Ebstein's 
anomaly who varied in age from 10 to 50 years, all of 
whom had arrhythmias caused by accessory path- 
ways of the Kent type. Some had severe symptoms of 
hemodynamic origin. Others had symptoms only of 
their arrhythmias. Thus, the group, differing from 
Dr. Westaby’s, gave me a view of the broad spectrum 
of anatomical and hemodynamic changes that are 
part of this exotic malformation. My observations 
also emphasized that the subtle hemodynamic 
changes, even in the symptomatic patient, do not 
permit precise evaluation by cardiac catheterization 
studies. 

Two patients, including 1 who had had two cardiac 
catheterizations performed at two separate univer- 
sity hospitals, were not diagnosed until the opera- 
tion. These 2, plus 2 more patients, had no symptoms 
other than their arrhythmias. Seven patients had 
mild to moderate symptoms only during the 
tachycardia. Six patients had severe symptoms even 
in arrhythmia-free periods. 

My aim early in the experience was to correct the 
arrhythmia but to try to avoid valve replacement. 
This was possible in 9 patients, 4 of whom did have 
their atrial septal defects closed. One did not have an 
atriotomy. Eight patients had valve replacements, 3 
because they could not be weaned from cardiopul- 
monary bypass. One had a ventricular septal defect 
and 5 had atrial septal defects. The patient who 
eventually died had her pathway interrupted by 
cryothermia without an atriotomy, but after bypass 
was discontinued, right-to-left shunting began. The 
atrial defect had to be closed and a valve replacement 
done. She died from an embolus. Another patient, 
also with an atrial septal defect, had the pathway 
successfully divided by cryothermia without an atri- 
otomy. 

As emphasized by Dr. Westaby’s experience, em- 
boli from the atrial septal defect are a major hazard: 
All these defects should be closed. The large atri= 
alized ventricle can be disregarded as of no hemo- 
dynamic importance. All my patients had slight to 
severe tricuspid insufficiency that defied correction. 


by a plastic operation. The tricuspid stenosis, which 
is the major defect, can be compounded even when 
mild by the small size of the functioning right ventri- 
cle. The two together are the explanation for the se- 
vere hemodynamic changes. 

Twenty of Dr. Westaby’s patients had ar- 
rhythmias. In my series, 3 patients had Kent bundles 
with the potential to cause death. Two had accessory 
pathways that would only conduct retrograde, and 
thus they would not have been discovered without 
an electrophysiclogical study. Did all the patients in 
Dr. Westaby’s series undergo detailed electrophys- 
iological study? 

For the arrhythmia, only the Kent bundle was di- 
vided. I have always avoided the His bundle by 
placing the valve sutures above the coronary sinus. 
Among 17 patients who had 21 pathways, 19 path- 
ways were divided. There have been no problems 
with serious postoperative arrhythmias, although 2 
patients have Mahaim fibers. 

My conclusions are that all patients with Ebstein’s 
anomaly and arrhythmia need a detailed elec- 
trophysiological study. Interruption of the Kent 
bundle corrects many of the arrhythmias. There are 
patients with the anomaly who do not need replace- 
ment of the dysplastic valve. An associated atrial 
septal defect should be closed even if the right free 
wall pathway can be corrected without an atriotomy. 
The atrialized ventricle should be left alone. Valve 
replacement is needed to correct the insufficiency 
and stenosis and to increase the size of the function- 
ing right ventricle. The results of correction of the 
hemodynamic deficiencies are better than expected. 
The indications for valve replacement ought to be 
expanded. 


DR. BENSON B. ROE (San Francisco, CA): I rise with- 
out prior intent and with apologies for not providing 
appropriate documentation, but do so out of respect to 
my late colleague and friend, Ken Hardy, because I 
was distressed that Dr. Westavy in his presentation 
suggested that the Hardy reconstruction technique is 
unsatisfactory. I do not have complete data, but of 
the original 6 cases presented to this organization 
more than 10 years ago, I have personal follow-up 
relatively recently on 4, including cardiac catheteri- 
zation on 3 that shows excellent function with Class I 
or Class II activity. There was 1 late death from ar- 
rhythmia. All the patients had good functional re- 
stitution by tricuspid annuloplasty, obliteration of 
the atrialized ventricle, and reconstitution of the an- 
terior leaflet, even if perforated, to provide partial 
valve competence. 

I believe the Hardy operation is worthy and useful. 


-It avoids the difficulties and hemodynamically un- 


satisfactory aspects of a prosthesis on the right side 
of the heart. I hepe that some of you at least will con- 
tinue to keep it under consideration. 
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DR. WESTABY: I thank Dr. Sealy and Dr. Roe for 
their comments. I was pleased to see that Dr. Sealy 
operated principally for arrhythmia, whereas we 
operated principally for hemodynamic reasons. All 
our principles seem to agree. 

With reference to Dr. Roe’s comments about the 
Hardy procedure, we have no intention of decrying 
that operation. It was just that very early in this se- 
ries Dr. Kirklin attempted a Hardy valvuloplasty on 1 
patient who was severely ill and had an unsuccessful 
result; as a consequence, as a principle, he opted for 


tricuspid valve replacement. It is on the basis of our 


‘results with tricuspid valve replacements or closure 


of atrial septal defects alone that I am talking today. I 
believe that probably a large number of patients have 
done fairly well following Hardy valvuloplasties in 
other institutions. 

Whatever method of operative repair one is going 
to use in Ebstein’s malformation, itis important to be 
in a position to deal with the troublesome arrhyth- 
mia that these patients experience, as well as to be 
able to correct their hemodynamic problems. 





Notice from the American Board of Thoracic Surgery 


The Part I (written) examination will be held at 
the Amfac Hotel, Dallas/Fort Worth Airport, 
Dallas, TX, in January, 1984. The closing date 
for registration is August 1, 1983. 

To be admissible for the Part II (oral) exam- 
ination, a candidate must have successfully 
completed the Part I (written) examination. 


A candidate applying for admission to the 
certifying examination must fulfill all the re- 
quirements for the Board at the time the appli- 
cation is received. 

Please address all communications to the 
American Board of Thoracic Surgery, 14640 E 
Seven Mile Rd, Detroit, MI 48205. 


Ebstein’s Anomaly: 


Editorial Comments and Personal Observations 


Gordon K. Danielson, M.D. 


ABSTRACT Renewed interest in the natural history 
of Ebstein’s anomaly has been created by recent 
surgical innovations in its management. Tricuspid. 
valve replacement and various types of plastic recon- 
struction are the two methods of treating Ebstein’s- 
anomaly. Replacement of the tricuspid valve has 
been more successful in older children and adults 
than in infants, but overall, less successful than pro- 
cedures involving a mitral or aortic valve prosthesis. 

At the Mayo Clinic, 42 patients with Ebstein's 
anomaly, aged 11 months to 62 years, underwent 
surgical repair. Plastic repair was accomplished in 34 
of these patients, and right ventricular plication and 
valve replacement in 6 others. Two patients hac 
valves that could not be reconstructed, and under- 
went a Fontan procedure instead. Three hospita_ 
deaths and two late deaths occurred. There have 
been no deaths in the 25 patients seen last in the se- 
ries. 

Long-term follow-up was obtained in the first 22 
survivors. The majority were in New York Heart As- 
sociation (NYHA) Class III or IV preoperatively; al 
but 3 had improved to NHYA Class I or II a 
follow-up. Because of the low mortality rate anc 
good long-term results as well as the fact that the 
majority of patients can be repaired with a plasti. 
procedure, the operation is advisable for patient 
who have deteriorated into NYHA Class III or IV 
Those patients with moderate to severe cyanosis 
paradoxical emboli, or progressive increase in car- 
diac size are also candidates for operation. 


The curious malformation of the tricuspid valve 
described by Wilhelm Ebstein in 1866 [1] has 
intrigued physicians and surgeons throughow 
the years. Recent innovations in the surgicæ 
management of Ebstein’s anomaly have engen- 
dered increased interest in its natural histor~ 
and in the results of operative interventior~ 
Moreover, renewed interest in the anatomy ct 
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Ebstein’s malformation has increased our 
knowledge of this condition; we now know that 
not only is there the characteristic dilatation of 
the right ventricle proximal to the abnormal in- 
sertion of the tricuspid leaflets (atrialized ven- 
tricle), but there is often dilatation of the distal 
right ventricle, including the infundibulum. 
Dilatation of the right ventricular wall is asso- 
ciated not only with thinning of the wall, but 
also with an absolute decrease in the number of 
myocardial fibers [2]. In addition, anomalies of 
the left ventricle, such as left ventricular con- 
traction abnormalities, myocardial dysfunction, 
and mitral valve prolapse [3, 4], are often asso- 
ciated with Ebstein’s malformation. 

Because there is a broad spectrum of 
pathological changes in Ebstein’s anomaly, the 
hemodynamic alterations are variable. In the 
early neonatal period, any tricuspid incompe- 
tence is accentuated by the normally occurring 
elevated pulmonary arteriolar resistance, and 
infants with Ebstein’s anomaly may develop 
severe congestive heart failure. Because the 
foramen ovale is patent in early infancy, severe 
tricuspid incompetence, with its resultant ele- 
vation in right atrial pressure, will produce a 
right-to-left shunt at the atrial level, and such 
infants may be deeply cyanotic. If the infant 
survives this critical period, the degree’ of 
cyanosis as well as the symptoms often tend to 
diminish as the fetal pulmonary hypertension 
regresses. 

In older patients, the predominant symptoms 
of Ebstein’s anomaly are fatigability, dyspnea - 
on exertion, and cyanosis. Less frequently, 
peripheral edema and palpitations in the form 
of paroxysmal atrial arrhythmias and premature 
ventricular beats are encountered. Many pa- 
tients who survive the critical period in infancy 
do very well for many years [5, 6]; one patient 
remained asymptomatic until the age of 79 
years [7]. 7 

Surgical treatment for Ebstein’s anomaly has 
followed two parallel paths: tricuspid valve re- 
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placement [8-11] and various types of plastic 
reconstruction [12—16]. Because of the relatively 
limited surgical experience reported at the 
present time and the variable natural history of 
Ebstein’s anomaly, there is controversy over 
indications for operation. Important considera- 
tions include the risk of operation, the expected 
benefits, and late complications. There is a 
natural reluctance to advise operation if tricus- 
pid valve replacement is required, since this 
introduces new potential problems of throm- 
boembolism, anticoagulation-related compli- 
cations, and prosthetic valve dysfunction. It is 
clear, however, that tricuspid valve replace- 
ment with a prosthesis can offer substantial 
long-term improvement for some symptomatic 
patients, as reported by Westaby and col- 
leagues in this issue [17] and by others [18-21]. 
Most of the valve replacement series are com- 
posed of older children and adults; few suc- 
cessful results in infants have been reported. 

‘Although some patients do well for many 
years with a tricuspid valve prosthesis, tricus- 
pid valve replacement generally has a higher 
incidence of complications and a poorer long- 
term record than does prosthetic replacement of 
the mitral or aortic valve [4, 22]. Various mech- 
anisms for the malfunction of prosthetic tricus- 
pid valve prostheses have been proposed. 
These include the speculation that the wedge- 
shaped right ventricular cavity is a factor, and 
the observation that if the cage of a mechanical 
prosthesis impinges on the right ventricular 
septum or wall, there is an increased tendency 
for thrombotic obstruction or ingrowth of fi- 
brous tissue. 

It was hoped that introduction of the biopros- 
thesis would solve many of the problems of a 
mechanical prosthesis in the tricuspid area. 
Although tissue valves do not have the same in- 
cidence of thromboembolic complications, they 
do have, unfortunately, a limited life expec- 
tancy, particularly in infants and children. In 
our experience, the failure-free rate of porcine 
heterograft valves in children is only 58.5% at 5 
years [23]. l 

In Ebstein's anomaly, prosthetic valve re- 
placement in the anatomical position at the 
level of the annulus is associated with a high 
incidence of complete heart block. The accepted 


technique today is to carry the suture line 
cephalad to the coronary sinus and atrioven- 
tricular node; this has reduced, but not com- 
pletely eliminated, the occurrence of permanent 
heart block [20]. 

In the cases reported by Westaby and co- 
workers [17], 4 of the 16 patients (25%) who 
underwent tricuspid valve replacement died in 
the hospital; 3 were in New York Heart Associ- 
ation (NYHA) Functional Class IV. Among the 
remaining 8 patients who did not have repair or 
replacement of the tricuspid valve, there were 3 
late deaths, 2 of which were related to tricuspid 
insufficiency. I would concur in the need for 
correction of tricuspid insufficiency in all 
patients undergoing operation for repair of 
associated lesions. The authors state that intra- 
operative judgment of the degree of tricuspid 
regurgitation was not always accurate. In my 
experience, the usually reliable digital explora- 
tion of the tricuspid valve prior to cannulation, 
as in patients with acquired tricuspid valve in- 
sufficiency, is not reliable in Ebstein’s anomaly. 
Indeed, we have been unable to detect a systolic 
jet with the exploring finger in most patients 
with Ebstein’s anomaly in whom there is severe 
tricuspid regurgitation. It is presumed this is 
due to the essentially common chamber formed 
by the large right atrium and right ventricle. We 
would, therefore, agree that determination of 
the degree of tricuspid insufficiency in Eb- 
stein’s malformation should be made preoper- 
atively. 

It would seem preferable to perform a plastic 
repair for Ebstein’s anomaly whenever feasible, 
particularly in infants and young children. Dis- 
illusionment with the previously reported 
techniques appears to have contributed to the 
general preference among surgeons to perform 
valve replacement rather than valve repair. 
Since 1972, we have used a repair technique 
that consists of plication of the free wall of the 
atrialized portion of the right ventricle, poste- 
rior tricuspid annuloplasty, and right atrial re- 
duction, which has provided satisfactory early 
and late results [15, 24]. The operation is based 
on the construction of a monocusp valve using 
the anterior leaflet of the tricuspid vaive. 

Because this repair depends on the presence . 
of a normal or enlarged anterior leaflet, major 
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abnormalities of the leaflet may compromise 
the result. For most patients with fenestrations 
or perforations of the anterior leaflet, the de- 
fects can be satisfactorily repaired with fine 
continuous sutures. If greater abnormalities are 
present, such as attachment of the free edge of 
the leaflet to the ventricular wall or complete 
failure of delamination of the tricuspid valve so 
that there are no chordae or papillary muscles, 
this plastic repair will not be applicable, and 
prosthetic valve replacement will be required. 

Between April, 1972, and January, 1982, 42 
patients seen consecutively with Ebstein’s 
anomaly underwent surgical repair on my ser- 
vice [24]. Their ages ranged from 11 months to 62 
years. Previous cardiovascular operations in- 
cluded Glenn anastomosis, pacemaker implan- 
tation, Blalock-Taussig shunt, and closure of 
atrial septal defect in 2 patients each, and 
Waterston shunt and attempted repair in 1 pa- 
tient each. A plastic repair was accomplished in 
34 of the 42 consecutive patients (81%). Right 
ventricular plication and valve replacement 
with a bioprosthesis were performed in 6 pa- 
tients (14%), and 2 patients who had had a pre- 
vious Glenn procedure and tricuspid valves 
that could not be reconstructed underwent a 
modified Fontan-type procedure. In 3 patients 
who had right free wall accessory conduction 
pathways, the pathways were successfully in- 
terrupted. There were no instances of perma- 
nent complete heart block. 

Three hospital deaths occurred (7.1%), 2 of 
which were caused by sudden ventricular fibril- 
lation in patients who were otherwise doing 
well, but who had massive cardiomegaly. The 
third patient was an infant who had an asso- 
ciated hypoplastic right ventricular outflow 
tract. Two late deaths have occurred, both in 
patients with large hearts who had major pre- 
operative ventricular arrhythmias. There have 
been no early or late deaths in the 25 patients 
seen last in the series. 

Long-term follow-up was obtained in all of 
the first 22 survivors two and one-half to ten 
years postoperatively. Although the majority 
were in NYHA Functional Class II or IV pre- 
operatively, all but 3 patients had improved to 
Class I or II upon follow-up. Postoperative re- 
duction in heart size was usual and occasionally 


considerable; for example, the cardiothoracic 
ratio in a 2-year-old infant decreased from 0.96 
to 0.53. Five women underwent successful 
pregnancy and delivery. Postoperative cardiac 
catheterizations, performed in 2 patients, 
showed satisfactory tricuspid valve function in 
both. Analysis by two-dimensional echocar- 
diography showed a marked reduction in the 
atrialized portion of the right ventricle, reduced 
right atrial size, and good function of the recon- 
structed tricuspid valve; injections of indo- 
cyanine green in a peripheral vein confirmed 
the absence of residual right-to-left shunting. 

My colleagues and I believe that most pa- 
tients in NYHA Functional Classes I and II 
should be managed medically, as is done for the 
majority of patients seen with a diagnosis of 
Ebstein’s malformation at our institution. Ex- 
ceptions that would prompt earlier surgical 
intervention—as they did in our surgical 
series—include moderate to severe cyanosis, 
paradoxical emboli, and right ventricular out- 
flow tract obstruction. Once symptoms develop 
and progress to Classes III and IV, medical 
therapy has little to offer patients except for 
management of fluid retention and treatment 
of some arrhythmias. The prognosis is poorest 
in those who have congestive heart failure, 
marked cyanosis, associated cardiac anomalies, 
and a cardiothoracic ratio greater than 0.65, and 
those whose conditions are diagnosed in in- 
fancy [5, 6]. 

The two-dimensional echocardiogram has 
been of great assistance in the diagnosis and as- 
sessment of Ebstein’s anomaly. In a study of 24 
patients aged 7 days to 71 years, the findings on 
two-dimensional echocardiography correlated 
well with the degree of displacement of the 
septal tricuspid leaflet as determined at opera- 
tion [25]. Tricuspid valve replacement was re- 
quired in 4 patients in whom two-dimensional 
echocardiography had shown marked tethering 
of the free edge of the anterior tricuspid leaflet, 
a diminutive functional right ventricle, or pro- 
lapse of the anterior tricuspid leaflet. Plication 
and annuloplasty were done in 18 patients in 
whom the echocardiogram had indicated that 
these conditions were either absent or of mild 
degree. Other procedures were done in the re- 
maining 2 patients. Thus, two-dimensional 
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echocardiography appears to allow precise 
anatomical assessment of Ebstein’s anomaly 
and can define with high probability the sub- 
group of patients who may require tricuspid 
valve replacement at operation [25]. 

Delayed or incomplete closure of the atrial 
septal defect has been advocated and practiced 
by some surgeons [11, 21], the theory being that 
it would help avoid postoperative congestive 
heart failure. I agree with the majority of sur- 
geons who believe that this delay is unneces- 
sary and contraindicated, as it leaves a potential 
for right-to-left shunting [20, 26]. If the repair or 
replacement of the tricuspid valve is satisfac- 
tory, if associated anomalies are corrected, 
and if “end-stage” myocardial dysfunction 
is not present preoperatively, early postopera- 
tive congestive heart failure can be managed 
by medical means. 

The question of what to do with the atrialized 
right ventricle is still debated. It is clear that 
some patients who have undergone operation 
have done well when the atrialized ventricle 
was not disturbed, particularly when it was 
only mildly or moderately dilated [17, 27]. 
However, a poorly or paradoxically contracting 
atrialized ventricular segment may be observed 
in other patients. When this is the case, it seems 
likely that a hemodynamic disturbance is caused 
similar to that created by large dyskinetic seg- 
ments or aneurysms of the left ventricle after 
myocardial infarction; in such patients, I 
prefer to plicate the atrialized ventricle. It is es- 
sential, however, to avoid injury during ven- 
tricular plication to important coronary arteries, 
which may course in anomalous locations. 

I concur with Westaby and associates [17] 
that a major unsolved problem in Ebstein’s 
anomaly relates to the high incidence of atrial 
and ventricular arrhythmias, which exist both 
preoperatively and postoperatively. These ac- 
count for instances of sudden death in every se- 
ries reporting the natural history of Ebstein’s 
anomaly. Sudden death accounted for 2 of the 
3 hospital deaths and both of the late deaths 
in my series; 2 of the sudden deaths were 
documented as ventricular fibrillation. Ven- 
tricular arrhythmias appear to be particularly 
lethal in the postoperative patients who have 
massive cardiomegaly. For these reasons, I 


now administer intravenous lidocaine pro- 
phylactically for the first 48 hours and then 
change to procainamide when oral intake is 
begun. I am uncertain how long the pro- 
cainamide should be continued, but currently 
advise its use for three months. 

Operation should probably not be under- 
taken just because poorly controlled atrial, 
junctional, or ventricular arrhythmias exist— 
unless the overall functional status warrants 
surgical intervention. An exception is the pa- 
tient with Ebstein’s anomaly and Wolff- 
Parkinson-White syndrome who has associated 
refractory and life-threatening arrhythmias. 
Intraoperative epicardial and endocardial map- 
ping combined with surgical division of the ac- 
cessory pathways proved successful in all 3 of 
my patients as well as in patients reported else- 
where [17, 28]. My colleagues and I now advise 
prolonged ambulatory monitoring, supple- 
mented by preoperative electrophysiological 
studies when indicated, for all patients with 
Ebstein’s anomaly who have a history of re- 
current supraventricular tachycardia, unde- 
fined “wide complex” tachycardia, or syncope 
as aspects of their clinical evaluation. 

The currently low mortality for repair of Eb- 
stein’s anomaly, the fact that the majority of 
patients can be repaired with a plastic proce- 
dure, and the good long-term results all make 
operation advisable for patients who have de- 
teriorated into Class III or IV, along with those 
who are less symptomatic but who have mod- 
erate to severe cyanosis, paradoxical emboli, or 
a progressive increase in cardiac size. The abil- 
ity to predict which patients will require valve 
replacement and which can be repaired with a 
plastic reconstruction assists in the decision re- 
garding operation in borderline situations. 
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Acute Empyema in Children Treated 
by Open Thoracotomy and Decortication 


Porter Mayo, M.D., Sibu P. Saha, M.D., 
and Richard B. McElvein, M.D. 


ABSTRACT Acute nontuberculous empyema 
treated conventionally by thoracentesis, thoracos- 
tomy drainage, and antibiotics has an unacceptably 
high rate of morbidity and mortality. Early open 
thoracotomy to eliminate the empyema with decorti- 
cation of the fibrinous peel and reexpansion of the 
lung has proven safe and effective for 25 years. 
The goals of treatment of acute nontuberculous 
empyema are: (1) to save life, (2) to eliminate the 
empyema, (3) to reexpand the trapped lung, (4) to 


restore mobility of the chest wall and diaphragm, (5) 


to return respiratory function to normal, (6) to elimi- 
nate complications or chronicity, and (7) to reduce 
the duration of hospital stay. 

Our studies confirm the normal values to be ex- 
pected in patients who have had complete recovery 
from the acute empyema, and we lay to rest any con- 
cern that decortication might, in time, limit pulmo- 
nary function. | 

We present the cases of 21 children who had 
acute and mature empyemas that were treated by 
open thoracotomy and decortication, with an average 
follow-up of 18 years, among whom there were no 
deaths or complications. 


The treatment of acute nontuberculous em- 
pyema, whatever its etiology, should have as its 
goals the following: to save life with complete 
elimination of the empyema and the avoidance 
of recurrent empyema pockets; to return re- 
spiratory function promptly to normal by reex- 
pansion of the trapped lung and restoration of 
mobility of the chest wall and diaphragm; to 
eliminate complications or chronicity and 
thereby any need for a crippling or debilitating 
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surgical procedure; to reduce days of hospital 
stay. 

Twenty-five years ago the senior author, 
having reviewed his own training and expe- 
rience and also the results of other surgeons, 
concluded that acute empyema could best 
be treated safely and successfully by open 
thoracotomy and decortication. The decision 
was then made to treat patients having acute 
empyema, whatever its origin, by this method. 
From 1955 through 1979, 108 patients were so 
treated. Long-term results of treatment in 21 
children are presented. 


Materials and Methods 

The entire group of 21 patients in this series 
represents acute postpneumonia empyemas 
(Table 1). The patients varied in age from 5 
months to 12 years. Males outnumbered fe- 
males by 18 to 3, a preponderance previously 
documented [1, 2]. The average follow-up pe- 
riod was 18 years. Pleural fluid was obtained by 
thoracentesis or at the time of surgery. Co- 


-agulase-positive Staphylococcus aureus emerged 


as the most common pathogen, being present 
in the pleural fluid in 8 of the 21 patients 
and also by throat culture in 1 patient. Strep- 
tococcus was isolated in the pleural fluid in 2 
patients. 

Pneumonitis preceded the development of 
empyema in each patient. The duration of 
symptoms prior to decortication varied from 
two to six weeks; however, the majority of pa- 
tients had symptoms present for three to four 
weeks. Each of the 21 patients received two or 
more antibiotics prior to admission. Combina- 
tions usually were made up of the following 
drugs: Staphcillin, Chloromycetin,.Terramycin, 
Declomycin, nafcillin, and Keflin. 

The postpneumonic empyema is heralded by 
fever, chills, cough, chest pain, and severe 
prostration. Physical signs most often included 
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Table 1. Results of Thoracotomy and Decortication in 21 Patients 


decreased excursion of the chest, flatness to 
percussion, and decreased breath sounds over 
the affected side. An elevated white blood cell 
count was present in all patients (ranging from 
` 10,000 to 41,000 per cubic millimeter). The 
mean leukocyte count was 21,600 per cubic mil- 
limeter. 

A combination of multiple suppurative locu- 
lations and thick fibrinopurulent peel was pres- 
ent in every patient. The captive lung was 
partially or totally collapsed by the mature em- 
pyema and the unyielding peel. 

Five patients had moderately severe scoliosis, 
an indicator of the advanced stage of the em- 
pyema in these children. In each instance, the 
defect was corrected by decortication and em- 
pyema cure. In 3 patients the massive empyema 
caused a shift of the mediastinum toward the 
opposite side. 

Most patients were discharged by the 


Duration Discharge 
of Illness Date and 
Patient No., (preop. Culture Report Date of No. of Days Mor- Compli- 
Age, and Sex days) (Pleural Fluid) Thoracotomy Postop. tality cation 
1.6 yr, M 25 No growth 11-18-55 11-26-55 (8) None None 
2.5 yr,M 42 No growth 6-10-59 6-23-59 (13) None None 
3.4 yr,M 42 No growth 4-30-59 5-6-59 (6) None None 
4.3 yr,M 24 No growth 4-22-60 4-30-60 (8) None None 
5.6mo,M 27 Staphylococcus 6-20-60 Not available None None 
6. 15 mo, F 36 Staphylococcus 2-1-61 2-8-61 (7) None None 
7.5mo,M 14 No growth 7-5-61 7-12-61 (7) None None 
8.3 yr, F 15 No growth 3-13-62 3-19-62 (6) None None 
9.17 mo, M 28 Staphylococcus 4-6-62 4-13-62 (7) None None 
10. 6 yr, M 18- No growth 5-23-62 5-30-62 (7) None None 
11. 1yr,M 21 Staphylococcus 2-17-63 2-23-63 (6) None None 
12. 12 yr, M 14 Staphylococcus, 6-23-63 7-5-63 (9) None None 
streptococcus 
13. 10 yr, M 21 Streptococcus 10-23-63 10-30-63 (7) None None 
14. 7 yr, M 20 Staphylococcus 10-24-63 11-4-63 (11) None None 
15. 8 yr, M 36 Staphylococcus 4-28-64 5-5-64 (7) None None 
(throat) 
16. 10 mo, M 17 No growth 3-31-65 4-7-65 (7) None None 
17. 10 mo, F 22 Staphylococcus 4-14-65 4-20-65 (6) None None 
18. 6 yr, M 22 Staphylococcus 2-10-67 2-18-67 (8) None None 
19. 7 yr, F 28 No growth 5-23-67 5-29-67 (6) None None 
20. 10 yr, M. 14 No growth 3-12-68 3-20-68 (8) None None 
21.9 yr, M 15 No growth 5-27-68 6-3-68 (7) None None 


seventh postoperative day. The average hospi- 
tal stay was twelve days. There were no compli- 
cations and no deaths. 


Operative Management 

The chest was opened by a posterolateral inci- 
sion and the pleural space entered through the 
fifth or sixth intercostal space. In children, rib 
resection is not necessary to gain exposure. The 
intrapleural debris and fibrin mass were 
evacuated, but there was no inclination of the 
lung to expand. Invariably, the disease process 
was worse than anticipated. Next, a plane of 
cleavage was established between the lung and - 
the peel (Fig 1). The thick, leatherlike, fibrinous 
membrane was then removed from the lung 
and, in turn, the chest wall and diaphragm [3, 
24]. There is no fear of generalized pleural con- 
tamination when breaking through into the 
noninvolved parts of the lung or pleura. Resto- 
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VISCERAL PEEL 





PARIETAL PEEL 


Fig 1. The lung partially freed of its peel. The ragged 
edges of the thick parietal peel are next developed and 
the costal segment decorticated. 





Fig 2. The curled fingers are directed toward the peel, 
with particular care taken to avoid injury to the dia- 
phragm. 


ration of the costophrenic and cardiophrenic 
sulci, combined with thorough decortication of 
` the diaphragmatic peel, served to improve 
diaphragmatic motion and promote lung reex- 
pansion [4] (Fig 2). Tissue necrosis due to pul- 
monary abscess was excised and bronchial air 
leaks closed. An early and obvious loss of tox- 


icity accompanied the prompt drop in temper- 
ature; the white count moved in concert. Chest 
tubes were removed after 48 to 72 hours and the 
patient discharged by the seventh postopera- 
tive day. 


Results 

Pulmonary function studies were performed on 
10 of the 21 patients, with an interval of 12 to 
18 years since the decortication (Table 2). 
Studies censisted of FVC, FEV, FEV;, MVV, 
FEF200-1200, FEF25-75%, and FEF75-85%. In 
9 of the 10 patients the results were within 
normal range. The lower values in Patient 9 
were due to poor coordination of effort: al- 
though his effort was maximal, he did not sus- 
tain his forced expiratory maneuver. This was — 
also reflected in his flow rates. There were no 
radiographic indications’ of active or chronic 
parenchymal disease in the chest roentgeno- 
grams obtained at long-term follow-up (Fig 3). 
Minimal blunting of the costophrenic angle and 
slight thickening on the side of the previous 
empyema in some patients were the only signs 
of the operative procedure and the affected 
side. Also, there was no hint of increased sus- 
ceptibility to respiratory disease. Our studies 
confirm the normal values to be expected in pa- 
tients who have had complete recovery fromthe 
acute empyema and lay to rest any concern that 
decortication might, in time, limit pulmonary 
function. 


Comment 

The rate of morbidity and mortality of em- 
pyema in children, though improved, is still 
substantial and does not allow complacency [2]. 
In 1946 Forbes [6] reported a mortality of 26%. 
Béchamps [2], in a review of the Mayo Clinic 
experience (1935-1965), divided patients into 
four groups and listed their respective mortal- 
ity: (1) preantibiotic era, 13%; (2) sulfa drugs, 
9%; (3) sulfa drugs and penicillin, 13%; and (4) 
antibiotics, 14%. In 1970 Stiles and associates 
[7] reviewed 152 cases of postpneumonic em- 
pyema in children; the mortality rate was 3.3%. 
In 1971 Emerson and colleagues [8] reported 10 


patients: 5 died and 2 of the 5 had post- 


pneumonic empyema, representing a 20% 
mortality rate. Cattaneo and Kilman [9] re- 
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Table 2. Pulmonary Function after Surgical Decortication of the Lung Empyema in Children 


Patient 


Patient Patient Patient Patient Patient Patient Patient Patient Patient 
Test 21 6 8 16 9 7 19 4 f TL 18 
FVC (L) . , 
Pred 5.52 4.35 4.30 4.82 5.62 6.06 3.80 5.79 5.79 5.47 
Obs .- 4.64 3.23 4,73 4.77 3.82 5.69 3.18 5.14 5.42 4.34 
% Pred 84 74 110 99 68 94. 84 89 93 79 
FEV, (L) H 
Pred 4.41 3.50 3.45 4,16 4,54 4,81 2.50 4:56 4.66 4.45 
Obs 4.04 2,94 3.85 434 3.09 4.06 3.18 4.28 4.58 3.56 
% Pred 91 83 111 104 68 84 127 94 98 80 
_ FEV, 
FVC 
% Pred 79 80 80 86 80 79 66 78 80 81 
% Obs 87` 91 81. 90.98 81 71 100 83 84 82 
FEV; 
FVC f 
% Pred 97 97 97 97 97 97 97 97. 97 97 
% Obs 98 99 97 99 97 98 ee 97 98 96 
MVV (L/min) 
Pred 186 122 120 182.24 190 201 107 191 195 187 
Obs 173 105 161 182 92 180 85 191 220 191 
% Pred 93 86 134 99.86 48 89 79 100 112 102 
FEF200—1200 
(Lisec) F 
Pred 8.51 6.42 6.35 8.70 9,02 8.68 8.85 8.59 
Obs 8.29 4.94 6.56 heer 6.53 8.89 See 8.62 9.13 8.04 
% Pred 97 77 103 PN 75 98 et 99 103 93 
FEF25—75% 
(Lisec) 
Pred 4.72 3,94 3.88 4.90 5.04 4.1 4.77 4.99 4.85 
Obs 4.25 3.68 3.82 2.44 2.93 5.1 4.22 4.65 3.56 
% Pred 90 93 98 50 58 124 88 93 73 
FEF75-85% 
(Lisec) 
Pred 1.57 1.55 1.51 1.66 1.70 1.57 1.69 1.65 
Obs 1.81 1.71 1.12 1.75 1.25 gik 1.32 1.76 0.99 
% Pred 115 110 74 105 73 BASN 84 104 60 





FVC = forced vital capacity; FEV,, FEV; = forced expiratory volume at 1 second, 3 seconds; MVV = maximal voluntary ventilation; FEF200-1200 = mean 
forced expiratory flow between 200 and 1,200 cc of FVC; FEF25~75% = mean forced expiratory flow during middle half of FVC; FEF75-85% = mean 
forced expiratory flow during 10% portion (75%~85%) of beginning of terminal airway flow; Pred. = predicted; Obs. = observed. 


ported an overall mortality rate of 7% (1960- 
1970). Intimately associated with the high 
mortality rate were such common occurrences 
as closed-tube failure, as reported by Bryant 
and associates [14], 33% (5/15), Cattaneo and 
Kilman [9], 45% (20/44), and Béchamps and 
co-workers [2], 47% (18/38); the necessity of 
conversion to open drainage; tubes being in 
place at the time of hospital discharge; pro- 
longed hospitalization; and extended convales- 
cence [2, 6-9, 14]. It is the opinion of several 
authors that children having acute empyema 
can best be treated selectively, by a combina- 
tion of various methods of drainage with the 
administration of antibiotics, and that decorti- 


cation is rarely indicated [7, 9, 10]. The opinion 
expressed by Sensenig, in discussing the report 
by Sherman and associates [11], sharply dis- 
agrees: “It [decortication] is especially appeal- 
ing in the pediatric age group, avoiding pro- 
longed tube drainage, preventing scoliosis, and 
resulting in rapid return to health.” Our re- 
sults, which have embraced the same period of 
years as the reports just cited, show a zero mor- 
bidity rate and zero mortality rate, supporting 
the stand taken by Sensenig. 

Conventional methods of management of 
acute empyema include antimicrobial drugs; 
thoracentesis; closed-tube thoracostomy; open 
drainage; and decortication (in selected cases), 
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Fig 3. Preoperative and postoperative chest roentgeno- 
grams of two patients undergoing decortication for em- 
pyema on the left side. (A) Empyema in Patient 19 be- 
fore decortication. Roentgenogram shows opacification, 
scoliosis, and mediastinal shift. (B) Patient 19 at 14- 
year follow-up. (C) Empyema in Patient 4 before de- 
cortication. Roentgenogram shows extensive opacifica- 
tion and trapped lung. (C) Patient 4 at 18-year 
follow-up. 


D 


performed independently and in stages, or in 
combinations [11-13]. 

Closed-tube or open-tube drainage proce- 
dures are most often utilized as intermediate 
steps. Even though such drainage over an ex- 
tended period, usually weeks or months, has 
proved adequate in some patients, the failure 
rate is notoriously high and morbidity and 
mortality rates unacceptable [2, 8, 14-16]. Of 
even greater concern is that the improvement 
first noted often lulls the surgeon into a sense of 
false security, begging chronicity [17]. Even 
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so, decortication has been successfully used, 
though often reluctantly, to retrieve patients 
who were destined for chronic pulmonary im- 
pairment [9, 13, 15]. 

Our experience supports the admonition of 
Owen Wangensteen [18]: “most of all, early 
evacuation and effective drainage are the sig- 
nificant factors in achieving early and complete 
re-expansion of the lung to obliterate an em- 
pyema cavity. . . . Empyema is cured only 
when the lung is completely re-expanded.’’ 
This is best accomplished by the primary pro- 
cedure of open thoracotomy and decortication 
[19-21]. The expansion is both immediate and 
complete. 

There are three conditions critical to optimal 
success of decortication: it should be the pri- 
mary surgical procedure, it should be per- 
formed at the earliest opportunity, and all 
elements of the intrathoracic peel should be 
removed to ensure complete lung reexpansion 
and chest wall and diaphragmatic mobility. 
Early lung expansion and pulmonary function 
are equally stressed. 

Wise and associates [5] reported no evi- 
dence of disturbance of pulmonary function in 
15 patients who had recovered from severe 
staphylococcal pneumonia in infancy and early 
childhood, in studies 5 to 16 years after the ini- 
tial disease. 

The progress of the disease is variable, and 
there is no optimal, predetermined time inter- 
val from onset of symptoms to performance of 
surgery [23]. The preferred time for early 
thoracotomy and decortication corresponds to 
the moment of diagnostic confirmation of a fi- 
brinopurulent empyema and a nonexpansile 
lung accompanied by sepsis. The greater the 
toxicity, the more urgent the need for decorti- 
cation. An expanded lung is the key to curing 
empyema; the key to a successful decortication 
is its early application. The earlier the proce- 
dure, the easier it is to remove the peel. Pre- 
operative preparation should be held to a 
minimum. Several of our patients were oper- 
ated upon on the day of admission or within 
the first 24 hours of hospitalization. This ap- 
proach to treatment allows the prompt conver- 
sion of a toxic patient to a happy, playful child. 
The patient is discharged well and stays well. 


Antibiotics in the early phase of the disease 
may be beneficial, but as empyema becomes 
increasingly a product of gram-negative bacilli, 
resistant to antibiotics, such treatment is apt to 
be less effective [22]. Thoracentesis is useful as 
a diagnostic tool as well as in those instances of 
thin pleural effusion with readily expansile 
lungs [7]. There is a tendency, however, for pa- 
tients treated over a period of several weeks 
with thoracentesis and antibiotics to develop 
multiple suppurative loculations refractory to 
drainage. Thoracentesis plays no therapeutic 
role in the mature type of empyema presented 
in this report. 

Twelve patients had their pleural spaces ren- 
dered bacteria free by antibiotics. Even so, their 
physiological response was equally severe, 
confirming the part played by the fixed thoracic 
wall, compressed lung, and intrapleural debris 
in the toxicity and morbidity of empyema [23]. 
Likewise, the clinical course, operative find- 
ings, and management of these patients were in 
every respect comparable in severity to those of 
patients having positive pleural cultures. 

It may be argued by some that pulmonary de- 
cortication is a much more formidable operative 
procedure than the standard types of drainage, 
such as closed-tube or rib resection with drain- 
age. That is true; however, thoracotomy today 
is a safe procedure. Thoracic empyema is a 
major and often deadly disease. Clearly, the 
basic question is: Does the patient get well, 
how safely, and how soon? As Tuttle states, “It 
is quite as essential to effect rapid healing as it 
is to prevent chronic infection” [4]. When used 
early and as the initial drainage procedure, 
early thoracotomy and decortication have 
yielded uniformly good results. 


We wish to acknowledge the contribution of Camille 
M. Jernigan, Medical Research Journalist, and Con- 
nie Powell, typist, both of Mayo, Long & Saha, PSC, 
in preparation of this manuscript. 
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Late Patency of the Internal 


Mammary Artery as a Coronary Bypass Conduit 


Hendrick B. Barner, M.D., Marc T. Swartz, B.A., J. Gerard Mudd, M.D., 


and Denis H. Tyras, M.D. 


ABSTRACT From January, 1972, through August, 
1977, 472 patients had internal mammary artery 
(IMA) coronary bypass, of which 100 were double- 


IMA bypasses. We selected those patients having a ` 


widely patent IMA one year postoperatively who 
then had a second catheterization 49 to 105 (mean, 
64) months following operation. None of the 93 pa- 
tients who met these criteria was specifically recalled 
for this study; they all had follow-up catheteriza- 
tions for multiple other reasons. All of the 91 left 
IMA and 22 right IMA bypasses (total, 113) were 
patent at late catheterization, but 1 right IMA was 
diffusely narrowed. One left IMA had acute angula- 
tion with 50% stenosis proximal to the distal anas- 
tomosis, which was unchanged over the follow-up 
interval. There were 100 patent saphenous vein 
bypasses at one year and 87 at late catheterization. 
Late closure of coronary bypass grafts is secondary 
to progression of coronary disease, atherosclerosis of 
the bypass conduit, or intimal proliferation. Because 
we have not encountered the latter two causes of 
conduit closure, IMA grafts remain our graft of 
choice for nonemergent operations in patients under 
60 years of age having revascularization of the left 
anterior descending coronary artery system. 


First-year closure of coronary artery bypass 
grafts has been 13.7% in our overall experience 
[1]. For saphenous vein grafts (SVG) to the left 
anterior descending (LAD) coronary artery it 
has been 10.3%, and for left internal mammary 
artery (LIMA) grafts to the LAD it has been 
5.7% [2]. This experience is similar to that re- 
ported by others for both SV and LIMA graft 
patency. Beyond the first year, grafts fail at a 
lesser rate of 1.6% per year in our overall ex- 
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perience [1], 1.8% per year for SV grafts to the 
LAD, and 1.1% per year for LIMA grafts to the 
LAD [2]. 

Late graft closure (beyond the first year) has 
been attributed to progression of coronary dis- 
ease at or distal to the coronary anastomosis so 
as to restrict outflow; intimal: proliferation, 
which occurs primarily in the first year after 
arterialization but may progress beyond the 
first year to cause late graft occlusion; and 
atherosclerosis of the SVG. Two of these three 
lesions are related to the conduit and have not 
been recognized as a cause of internal mam- 
mary artery (IMA) graft closure. It therefore 
seemed worthwhile to scrutinize our experi- 
ence with reference to late patency (beyond the 
first year) of mammary artery conduits. 


Materials and Methods 

The LIMA was first used in January, 1972, and 
the right IMA (RIMA) in July, 1972. Through 
August, 1977, 472 patients had had an IMA 
bypass, of which 100 were double-IMA by- 
passes. Follow-up catheterization was obtained 
for a number of reasons. First, through 1975 we 
recommended to all patients that catheteriza- 
tions be obtained at one week, one year, three 
years, and five years following operation. Sub- 
sequent to 1975 we recommended 12- to 18- 
month and five-year catheterizations. More 
recently we have recommended a routine five- 
year catheterization. Second, as a participant in 
the Coronary Artery Surgery Study (CASS) [3], 
our institution is required to perform follow-up 
catheterizations according to the conditions of 
enrollment. Third, recurrence of chest pain was 
responsible for catheterization in some pa- 
tients. Fourth, other patients were recalled 
for catheterization for completion of other 
follow-up protocols. No patients have been re- 
called specifically for this particular study, 
which has relied on data found in our follow-up 
files. 
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The basis for inclusion of patients in this 
study is a one-year catheterization showing a 
widely patent IMA (as opposed to a narrowly 
patent or threadlike IMA) one year postopera- 
tively and a second catheterization at 48 months 
or more following operation by one surgeon. 
All the SVGs patent at one year were widely 
patent, without evidence of pathological inti- 
mal proliferation resulting in discrete stenosis 
or wall irregularity. 

As of September, 1981, 93 patients have 
satisfied the criteria to be included in this 
study. Ninety-one patients had a LIMA to LAD 
bypass, 20 had an associated RIMA to right 
coronary artery (RCA) bypass, and 2 had 
RIMA-RCA bypass without LIMA-LAD by- 
‘pass, for a total of 113 IMA bypasses. There 
were 106 associated SVG coronary bypasses (2.4 
bypasses per patient), of which 100 were patent 
at the one-year catheterization. Of the 106 
bypasses, 48 were to the RCA, 6 to its posterior 
descending branch, 1 to the LAD, and 51 to the 
branches of the circumflex coronary artery (46 to 
the obtuse marginal branches and 5 to the pos- 
terolateral branch). At operation patient ages 
ranged from 25 to 71 years, with a mean of 49 
years. There were 84 men (90%). Risk factors 
present prior to operation included: cigarette 
use, 68 (73%); family history of coronary heart 
disease, 62 (67%); prior myocardial infarction, 
38 (41%); diabetes mellitus, 17 (18%); hyper- 
tension, 14 (15%); type IV hyperlipidemia, 22 
(24%); serum cholesterol greater than 300 mg/ 
100 ml, 13 (14%). Nine patients had left main 
coronary stenosis of 50% or more. Complete re- 
vascularization was achieved at operation in 67 
(72%) patients by grafting all major arteries 
with 50% or more stenosis. 

Left ventriculography, coronary arteriog- 
raphy, and graft visualization were accom- 
plished by the Judkins method [4]. Left ven- 
tricular function was assessed by evaluating 
segmental wall motion of five specified ven- 
tricular segments viewed in the right anterior 
oblique projection of the left ventriculogram 
and by evaluating the overall ejection fraction 
[5]. Selective injection of SV and IMA grafts was 
obtained in most instances, although occasion- 
ally it was necessary to inject the aortic root for 
SV graft visualization or the subclavian artery 
for IMA visualization. 


The most recent (latest) catheterization was 
obtained 49 to 105 months (mean, 64) following 
operation. Patient follow-up comprises a longer 
interval of 51 to 109 months (mean, 79). Patient 
follow-up has been obtained at least yearly 
through telephone interview by a trained tech- 
nician, by office visit, by hospitalization, or 
through the referring physician. 


Results 

No IMA grafts have failed during the follow-up 
interval. One RIMA-RCA graft has developed 
moderate diffuse narrowing, which was not 
present at the one-year catheterization. There 
were no localized graft stenoses of more than 
50%. One LIMA-LAD graft has an acute angu- 
lation with 50% stenosis just proximal to the 
distal anastomosis, which has not changed over 
the study interval. 

Thirteen SVGs have failed over the study 
interval, for a cumulative late patency of 81%. 
This represents a failure rate of 13% during the 
study period. There were no significant graft 
stenoses of 50% or more. Of the 13 occluded 
SVGs, 4 of 48 were RCA grafts, 2 of 6 were to the 
posterior descending artery, and 7 of 51 were to 
branches of the circumflex artery. 

Five IMA grafts that were narrowed at the 
one-year catheterization were excluded from. 
the study; at late catheterization 2 remained un- 
changed, 2 were occluded, and 1 had become 
widely patent in apparent association with 
progression of proximal LAD disease. 

Left ventricular function at late catheteriza- 
tion was compared with the preoperative state 
and found to be improved in 32 patients (34%), ` 
unchanged in 50 (54%), and worse in 11 (12%). 
Angina at latest follow-up was improved in 71 
patients (76%), unchanged in 8 (9%), and 
worse in 14 (15%). Late myocardial infarction 
(more than 1 month following operation) oc- 
curred in 10 men and 1 woman. Late death, i.e., 
during the interval from the last catheterization 
(mean, 64 months) to the latest follow-up 
(mean, 79 months) occurred in 2 patients. One 
was related to myocardial infarction and 1 to 
cancer. 


Comment 
As part of this study we have determined an 
overall patency of 89.2% for 285 LIMA grafts in 
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patients having a one-year or later catheteriza- 
tion in whom narrowed grafts are considered to 
be occluded. When the first 100 patients are ex- 
cluded (the so-called learning experience), pa- 
tency was 92.2% (N = 217). Patency for 72 
RIMA grafts using the same criteria was 87.5%, 
and this did not improve with experience. 

In the experience of others [6-11], early- and 
medium-term patency of IMA grafts has been 
excellent (96 to 99%) and has been better than 
we have achieved; our 94% patency rate [2, 12] 
is similar to results reported by Tector and as- 
sociates [13]. High early IMA patency probably 
reflects the ability of the IMA to remain patent 
in low-flow situations and is related to the 
greater velocity of flow in a smaller-diameter 
conduit as well as the absence of intimal injury 
that is prevalent in the SVG after 24 hours of 
exposure to arterial pressure [14]. Endothelial 
loss may result in platelet thrombi or fibrin 
layering, which can progress to thrombosis, or 
nonocclusive thrombus may result in fibrous 
plaque with the changes characteristic of 
atheroma [15]. Myointimal proliferation occurs 
in all SVGs when subjected to arterial pressure 
[16] and can progress to luminal obliteration 
from six weeks to 48 months after graft place- 
ment [17]. 

There is little information on long-term pa- 
tency of the IMA, but a recent report by Tector 
and colleagues [13] describes patency in 23 of 24 
grafts at 25 to 59 months after operation and in 
16 of 17 grafts 60 to 108 months postoperatively. 
Five of the patients in the latter group had an 
early and late catheterization demonstrating 
patency on both occasions. Thus, this study 
and ours demonstrate excellent patency of the 
IMA for as long as 105 and 108 months. We 
agree with Tector and associates [13] that to 
date the only major causes of IMA graft failure 
are injury during mobilization of the IMA and 
faulty anastomotic technique. We and others 
have found some IMAs to be diffusely nar- 
rowed or “’threadlike” at the one-year catheteri- 
zation [6, 9, 12, 13, 18]. Whether this represents 
' "spasm, mural fibrosis, or atrophy secondary to 
competitive coronary flow is unclear. We have 
recently observed reopening of such a nar- 
rowed IMA at four years associated with pro- 
gression in LAD stenosis from 50% to 90%, 
suggesting that in some instances this is a re- 


versible lesion. Because of the uncertain nature 
of this lesion and our specific desire to avoid 
complicating our data, we specified the “widely 
patent” criterion at one-year catheterization for 
inclusion in the study. 

Vein graft patency was excellent in this se- 
ries, at 87% for the interval of the study and 
81% overall. This compares with our overall 
graft patency of 80% at five years [1] and the 
64% achieved by Tector and colleagues [13]. It 
obviously is not valid to compare patency of 
LAD grafts with grafts to other vessels, but this 
consideration notwithstanding, we achieved 
SVG patency in this series equal to our overall 
experience. The lower SVG patency reported by 
Tector and co-workers may be related to the fact 
that 90% of their patients were catheterized be- 
cause of suspected graft closure whereas only a 
few of our patients were studied for this reason. 
In that regard the data of Tector and associates 
is even more impressive because IMA grafts 
remained patent while SVGs were closing at a 
high rate. 

The reason (or reasons) for the continued clo- 
sure of SVGs while IMA grafts remain patent is 
not totally evident. Vein graft atherosclerosis 
[15, 19-22] has been related to hyperlipidemia 
in some studies [20, 22]. Eighty percent of 
$VGs in the femoropopliteal position show evi- 
dence of atherosclerosis after two years [23]. 
Atherosclerosis of the in situ IMA does 
occur, but is usually mild and not flow restric- 
tive [24]. In the dog made hyperlipidemic, 
atherosclerosis does occur in the IMA, but it is 
mild in comparison with vein graft changes 
[25]. Of 800 IMA grafts, we have recognized 
only 1 that was significantly atherosclerotic at 
the initial operation. We recently recognized 
our first instance of atherosclerosis in a LIMA- 
LAD graft, 16 months after placement in a 32- 
year-old man. The proximal third of the graft 
was nearly occluded by what appeared to be 
atherosclerosis. The patient has large-vessel 
vasculitis and has had bilateral carotid- 
subclavian bypass, right renal artery bypass, 
and repeat coronary bypass for new lesions in 
the RCA and circumflex artery. At reoperation 
the midportion of the LIMA was free of disease 
where it was transected and anastomosed to the 
circumflex graft. 

It is evident that although atherosclerosis 
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does occur in the IMA, it is usually mild and 
only rarely leads to IMA closure. Whether in- 
creased flow demands as a coronary conduit 
will lead to more rapid progression of 
atherosclerosis in the IMA remains to be deter- 
mined, If it were to become a prevalent lesion at 
ten years after grafting, then we should be see- 
ing evidence of it on angiography in our series 
and the one described [13]. Only continued 
follow-up will determine whether athero- 
sclerosis of the IMA relocated to supply the cor- 
onary bed becomes a cause of graft failure. 

On the other hand, SVG closure secondary to 
intimal proliferation and atherosclerosis may 
decline as more attention is directed toward 
vein graft preparation [26]. However, until 
the potential benefits of more careful and 
physiological preparation of the vein are man- 
ifest in better long-term patency, the IMA must 
be considered the graft of choice for elective re- 
vascularization of the LAD system in patients 
under the age of 60 years having isolated aor- 
tocoronary bypass. When reoperation is neces- 
sary for an occluded SVG to the LAD, then use 
of the LIMA is highly logical and feasible [27]. 

Objections to use of the IMA relate to the dif- 
ficulty and time of mobilization. Limited flow 
capacity of the IMA compared to the SVG has 
been well documented intraoperatively [28] and 
by late evaluation [29]. However, exercise test- 
ing 10 months postoperatively revealed similar 
palliation with either SV or IMA grafts [30]. In 
addition, the IMA has the capacity to increase 
in caliber if there is demand for higher flow [13, 
18, 31, 32]. With greater experience, we have 
found that most IMAs are equal to or greater in 
diameter than the recipient coronary artery. We 
concur with Stiles [33] that the IMA must be 
mobilized as high as possible and provided the 
most direct route to the LAD by placing it in- 
trapleurally and parallel to the phrenic nerve. 
This will allow sacrifice of the distal small por- 
tion of the IMA and ensure an IMA that is equal 
to or greater in diameter than the LAD in 95% 
of patients (as has been true in our last 100 pa- 
tients). 


Addendum 

Since this manuscript was submitted, 11 additional 
patients have met the criteria for inclusion in this 
study by having a late catheterization (55, 59, 60, 61, 


61, 64, 67, 84, 87, 94, and 97 months following opera- 
tion). One RIMA and 11 LIMA grafts remained pa- 
tent over the study interval. In 15 SVGs, 1 of 7 to the 
RCA closed and 3 of 8 to the first or second obtuse 
marginal branch of the circumflex artery closed, 
while 1 circumflex graft became stenotic (80%) and 1 
RCA graft stenosed (90%). 
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Waterston Anastomosis in Two-Stage Correction 
of Severe Tetralogy of Fallot: Ten Years of Experience 


Gaetano Azzolina, M.D., Pier Antonio Russo, M.D., Giuseppe Maffei, M.D., 


and Antonino Marchese, M.D. 


ABSTRACT Of 724 cases of tetralogy of Fallot sur- 
gically corrected from 1971 to 1981, 142 patients 
under 24 months of age, severely cyanotic and with 
hypoplasia of the pulmonary vasculature and pul- 
monary valvular atresia, underwent a modified 
Waterston-type anastomosis. These patients ranged 
in age from 6 days to 24 months (mean age, 9 months 
from 1971 to 1974, 5.5 months from 1975 to 1981). 
Early and late mortality (from 1 to 9 years) was 7.7% 
(11 deaths). No deaths occurred in the last 78 pa- 
tients. 

After a minimum of 2 years, 131 patients had ma- 
tured sufficiently at reevaluation for intracardiac 
surgical correction. Cardiopulmonary bypass with 
moderate hypothermia and intermittent aortic 
cross-clamping was used. Early and late mortality 
was 3.8% (5 deaths); only 1 of the last 81 patients 
died. Two patients early in the series developed se- 
vere pulmonary hypertension, 1 developed right 
ventricular infundibular atresia, and kinking of the 
pulmonary artery was found in 1. Acceptable post- 
operative right ventricular pressure/left ventricular 
pressure ratio was considered to be 0.55 or less. 
Transannular patch was required in only 2 patients 
(1.5%). All survivors are asymptomatic and physi- 
cally normoactive. 

We believe that the Waterston anastomosis, if em- 
ployed with accuracy by experienced surgeons, has 
clear advantages over other types of systemic- 
pulmonary artery fistula. These include stimulation 
of pulmonary arterial and valvular ring develop- 
ment; avoidance of physiological and functional arm 
deficiency; no need for deep hypothermia and its 
consequences; more possibility of preserving natural 
outflow of the right ventricular tract and better right 
ventricular function (low incidence of transannular 
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patch); and avoidance of prosthetic material (Gore- 
Tex). 


Two-stage repair or routine primary surgical 
correction of tetralogy of Fallot? Since 1955, 
when Lillehei and his associates [1] reported 
intracardiac correction of tetralogy of Fallot, the 
surgical management of symptomatic infants 
with this anomaly has remained controversial 
[2-6]. Several recent authors, disappointed by 
the high morbidity and cumulative mortality 
experienced with the two-stage approach, have 
recommended primary total repair regardless of 
the patient’s age, anatomy, or clinical condi- 
tions. However, the age, size, and unfavorable 
anatomy of infants are still incremental risk 
factors in routine primary intracardiac correc- 
tion during infancy [7]. Also, the high inci- 
dence of repair by transannular patching, asso- 
ciated with primary correction in infancy, has 
resulted in a higher operative mortality rate in 
3ome recent reports [7, 8]. Moreover, there is 
now clinical and experimental evidence that the 
severe pulmonary valve incompetence caused 
by transannular patch insertion induces chronic 
cardiac failure within 20 years [9-12] and 
Somerville J: personal experience, 1981). 

To reduce the risks associated with primary 
correction in symptomatic infants needing op- 
eration and to avoid the late consequences re- 
lated to transannular patching, we adopted a 
routine two-stage approach. In this article, we 
relate our experience and results with this pro- 
tocol starting in January, 1971, and continuing 
until January, 1981. All the symptomatic pa- 
tients with unfavorable anatomy who were less 
than 24 months of age received a modified 
Waterston shunt. The intracardiac correction 
was performed at least 2 years after the shunt. 


Patients 
Between January, 1971, and January, 1981, 724 
patients with tetralogy of Fallot underwent in- 
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tracardiac repair at Tuscan Heart and Chest 
Center. All had the classic clinical anatomical. 
features of this congenital malformation. Pa- 
tients with pulmonary atresia were included. 
The subject of the present report is a sub- 
group of 142 patients 24 months of age or less 
(range, 6 days to 24 months; mean age, 9 
months from 1971 to 1974, 5.5 months from 1975 
to 1981). They displayed unfavorable anatomy 
and received a modified Waterston shunt as the 
first stage of our two-stage protocol. The sur- 


vivors, plus 10 patients who had palliative op- - 


erations elsewhere, were corrected later, at least 
2 years after the palliation. Ten are still waiting 
for radical correction. 

Indications for first-stage surgery were: 
hematocrit 60% or greater, hypoxic spells, 
failure to thrive, severe right infundibular 
obstruction, and pulmonary artery or pulmo- 
nary valvular (or both) hypoplasia. Atresia of 
the pulmonary valve was found in 13 patients. 

All the patients were investigated by cardiac 
catheterization and angiography. Before the 
intracardiac repair, all were reevaluated. 
Follow-up has been 100% from a period of 9 
months to 9 years, at regular biannual or yearly 
intervals. Recently, bidimensional echocardio- 
graphic study has been used for assessment 
of the postoperative anatomical and functional. 
condition of these patients. 


Surgical Procedures 

Modified Waterston Shunt 

A modified Waterston shunt, carried out by our 

senior surgeon, was used as the palliative pro- 

cedure [13]. The differences between the stan- 

dard Waterston anastomosis and our technique 
can be summarized as follows (Fig 1): 


1. Anterolateral thoracotomy is performec 
through the fourth intercostal space. 

2. The right pulmonary artery is dissected me- 
dially to the superior vena cava and clearly 
under the aorta up to the aortopulmonary 
common adventitia. i 

3. Patency of the anastomosis is assured by re- 
moving a roughly triangular portion of tis- 
sue from either the anterior or posterior lip 
of the aortic incision. The diameter of the 
stoma must be under 3 mm in infants (2.5 tc 
4.5 kg) and between 3 and 4 mm in older pa- 








Fig 1. Differences between standard Waterston anas- 
tomosis and our technique. The aorta is rotated to the 
left before it is clamped together with the right pulmo- 
nary artery. A roughly triangular portion of tissue is 
removed from the aortic incision. 


tients (4.5 to 7.5 kg). As suggested by some 
authors, measurement of the aortic incision 
within 0.5 mm per 0.5 to 1 kg of body weight 
or body surface area has proved inaccurate 
and unreliable. Patency of the anastomosis is 
mandatory, even if it is not large enough; if 
the anastomosis is too large, pulmonary 
edema can result. Therefore, we resorted to 
removing a small triangular or elliptical 
segment from the lip of the aortic incision to 
avoid spontaneous closure of a small open- 
ing. i 

4. The ascending aorta is rotated to the left be- 
fore it is clamped together with a segment of 
the right pulmonary artery. 

5. A segment of pulmonary artery as close as 
possible to its origin from the main pulmo- 
nary artery is selected for the anastomosis, 
care being taken to assess the juxtaposition 
of the selected aortic and pulmonary artery 
anastomotic sites. Running sutures of 6-0 
monofilament or silk are used. 


Intracardiac Correction 
All intracardiac procedures were performed 
with the patients under total cardiopulmonary 
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bypass. Transatrial cannulation of the superior 
and inferior venae cavae and of the ascend- 
ing aorta was employed. Moderate total-body 
hypothermia (28°C) was maintained in all cases. 
A left ventricular vent was inserted through the 
left atrium. Intermittent aortic cross-clamping 
for brief periods (5 to 9 minutes) of partial 
ischemic cardioplegia was used. 

The crista supraventricularis was exposed by 
means of a transverse subpulmonary right ven- 
triculotomy. The infundibular obstruction was 
relieved by excising the septal and parietal 
band of the abnormal crista. Excision of the 
obstructive myocardium was done at any level 
of the ventricle, and evaluation of obstructive 
activity during contraction continued while the 
resection was carried out (the aortic camp was 
removed to resume better myocardial contrac- 
tion). 

The pulmonary valvotomy was performed, 
taking care to preserve the cusps as much as 
possible. This was done through the same ven- 
triculotomy. Then, the pulmonary annulus was 
incised, proceeding from the medial to the lat- 
eral posterior section of the transannular ring; 
dilation of the annulus was performed using an 
angular clamp. 

The diameter of the transannular ring was 
calculated with Baker dilators and related to the 
patient’s weight and age (10 to 11 mm for up to 
9 kg of body weight; 12 to 14 mm for 10 to 18 kg 
of body weight). If the size obtained after the 
first dilation was not sufficient, further incision 
had to be performed; however, if it still did not 
reach the weight and age related minimum 
pulmonary valve ring diameter, a transannular 
patch was applied. In 2 patients in our series, a 
longitudinal incision was extended from the 
superior edge of the transverse ventriculotomy 
through the pulmonary valvular annulus. The 
two transannular patches, made out of two 
layers of Teflon and dura mater to prevent 
bleeding, were sutured with 4-0 running Tev- 
dek sutures. The ventricular septal defect was 
closed with a knit Teflon patch, tailored ac- 
cording to the shape and diameter of the defect, 
and applied with continuous 3-0 or 4-0 Tevdek 
sutures. 

Closure of the aorto-pulmonary anastomosis 
was carried out at the end of the intracardiac 
correction. A transverse aortotomy was per- 


formed close to the site of the anastomosis, and 
the anastomosis was sutured with a double 
layer of continuous 4-0 Tevdek. The suture was 
given an oblique orientation of 50 to 60 degrees 
on the axis of the pulmonary artery to avoid 
kinking (orthogonal suture) or stenosis (parallel 
suture) of the pulmonary vessel. The aortotomy 
was closed with 4-0 Tevdek; the ventriculotomy 
was closed with a double layer of continuous 
4-0 silk or Tevdek suture. 

After cardiopulmonary bypass was discon- 
tinued, the right and left ventricular pressures 
were recorded to calculate the right ventricular 
pressure/left ventricular pressure (RVP/LVP) 
ratio, the optimal value being 0.55 or less. Pres- 
sures were also measured between the right 
pulmonary artery peripheral to the closed 
anastomosis and the main pulmonary artery. 
Gradients below 5 mm Hg between the right - 
pulmonary artery and the main pulmonary ar- 
tery and less than 15 mm Hg between the main 
pulmonary artery and the right ventricle were 
accepted as satisfactory. The extracorporeal cir- 
culation time ranged from 35 minutes to 106 
minutes (mean, 41 minutes). 


Results 
Modified Waterston Shunt 
The overall mortality rate (early and late) was 
7.7% (11/142). As shown in Table 1, there were 
11 deaths among the 67 patients aged 2 to 24 
months (mean, 9 months) palliated between 
1971 and 1974, but no deaths occurred among 
the 75 infants aged 6 days to 12 months (mean, 
5.5 months) operated on between 1975 and 
1981. The mortality rate in the group of infants 
2 months of age or less has decreased from 
40% (1971-1974) to 0 (1975-1981) over the last 
few years (Tables 2, 3; Fig 2). Among the 131 
survivors, late complications were pulmonary 
obstructive disease (1.5%; 2/131); thrombosis of 
the stoma requiring reintervention (1.5%; 
2/131); infundibular atresia (0.7%; 4/131); and 
kinking of the right pulmonary artery, which 
occurred in 1 patient (0.7%) (Table 4). 


Intracardiac Correction 

At the time of total repair, all the patients pre- 
viously palliated were asymptomatic and above 
the 20th percentile. The hematocrit was 50% or 
less. Among the 131 patients corrected, 5 died 


416 The Annals of Thoracic Surgery Vol 34 No 4 October 1982 


Table 1. Age at Operation and Mortality Rate of Patients Who Had Waterston Anastomosis 


Period Mean Age 

1971-1974 9 mo (2-24 mo) 

1975-1981 5.5 mo (6 days—12 mo) 
Total te 


Table 2. Age at Operation and Hospital Mortality 
Rate of Patients Who Had Waterston Anastomosis 
at Less than 12 Months of Age: 1971-1974 


No. of 
Age" Patients Deaths 
2 months 8 4 
3 months 4 2 
7 months 3 1 
10 months 5 1 
Total 20 8 (40%) 


*Mean age = 5.5 months. 


(3.8%). As shown in Table 5, 56 patients were 
corrected between 2 and 5 years of age, with 3 
deaths (5.3%). In this group, two transannular 
patches were inserted (3.5%). Two deaths oc- 
curred among 75 patients operated on between 
6 and 10 years of age (2.7%). No transannular 
patch was inserted in this age group. Only 1 
death occurred in the last 81 consecutive cases 
(1.2%; 1975-1981). The incidence of repair by 
transannular patching was 1.5% among all 131 
patients treated. No late deaths occurred up to 
the time of this article, and all patients are 
leading a normal life. 


Comment 
As a result of the increased cumulative mortal- 
ity rate and substantial morbidity associated 
with the two-stage surgical treatment of tetral- 
ogy of Fallot, a large number of authors have 
recommended the use of primary radical cor- 
rection for all cases, regardless of the patient’s 
condition and age [2-6, 14]. More particularly, 
doubts have been raised as to the efficacy and 
safety of the Waterston procedure. 

The cumulative mortality rate for the Water- 
ston procedure recorded recently in Auckland, 


No. of 
Patients Deaths 
- 67 11 (16.4%) 
75 0 
142 11 (7.7%) 


Table 3. Age at Operation and Hospital Mortality 
Rate of Patients Who Had Waterston Anastomosis 
at Less than 12 Months of Age: 1975-1981 


Age? No. of Patients Deaths 
6 days 1 0 
1 month 1 0 
2 months 12 0 
3 months 27 0 
4 months 3 0 
5 months 3 0 
6 months 5 0 
7 months 2 0 
8 months 3 0 
9 months 6 0 

10 months 4 0 

11 months 3 0 

12 months 5 0 

Total 75 0 


aMean age = 5.5 months. 


Houston, Portland, New York, and London [3] 
has been 31.25% out of 176 patients aged less 
than 1 year. The late complications frequently 
reported by several authors [2—4, 15] are con- 
gestive heart failure, obstructive pulmonary 
disease, pulmonary hypertension, kinking of 
the pulmonary arteries, difficulty in closing the 
anastomosis at radical correction, and unsteady 
growth of the annulus and the pulmonary 
structures. 

Nevertheless, the efficiency and validity of 
the Waterston procedure have been reaffirmed 
recently, thanks to a number of good results 
obtained by several authors. Steward and co- 
workers [17] have not recorded a single death 
among 11 patients under 12 months of age, and 
Alvarez-Diaz and associates [18] registered a 
mortality rate of 4.9% out of 181 patients aged 
between 16 days and 5 years. In our group, the 
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% mortality 
(early and late) 


25% 


25% | 


First stage: 


patients = 142 . 
deaths = 11 (7.7%) 


Second stage: patients = 131° 


deaths = 5 (3.8%) 


CUMULATIVE MORTALITY RATE = 11.5% 


16% 916.6% , 16% 
15% ` 





10% 


1971 1972 1973 1974 1975 1976 1977 


*10 patients palliated elsewhere 


Fig 2. Yearly mortality rate for first stage (Waterston; 
solid line) and total repair (dashed line). 


Table 4. Complications after Modified 
Waterston Procedure 


Survivors 
Complication (N = 131) 
Thrombosis of the stoma 2 (1.5%) 
after shunt 
Pulmonary obstructive disease 2 (1.5%) 
Infundibular atresia 1 (0.7%) 
Kinking of the right pul- 1 (0.7%) 
monary artery 
Total 6 (4.6%) 


mortality rate for the Waterston procedure in 
the last 75 patients under 12 months of age was 
nil, whereas out of 142 patients operated on 
between 6 days and 24 months of age, the over- 
all mortality rate was 7.7% (see Tables 1 and 3). 
Long-term mortality percentages show a pro- 


1978 


1979 1980 1981 


gressive decrease in the number of deaths, re- 
sulting in no mortality among the last 75 cases, 
or 52.8% of the total (see Fig 2 and Table 3). 
These data appear significant insofar as it is 
now clear that the poor achievement recorded 
for the Waterston procedure by several authors 
may be reduced or avoided with the appro- 
priate operative technique. In our modification 
of the Waterston procedure, a small circular 
anastomosis (2.5 to 3 mm maximum in infants 
and 3 to 4 mm in older patients) established 
proportional pulmonary flow with a very low 
incidence, if any, of closure or further enlarge- 
ment. An anastomosis that is too large initially 
is accompanied by acute pulmonary edema; an 
anastomosis originally of good size but linear 
rather than circular in shape tends to enlarge 
postoperatively, producing chronic pulmonary 
hypertension and congestive heart insuffi- 
ciency together with mental and physical 
hypodevelopment. In our series, the incidence 
of obstructive pulmonary disease was 1.5% 


Table 5. Intracardiac Repair in Patients Palliated Using a Waterston Shunt within 24 Months of Age 


No. of 
Age Patients Patches 
2-5 years 56 2 3.5%) 
6-10 years 75 0 
Total 131° 2 (1.5%) 


aTen patients palliated elsewhere. 
"Number of deaths among the last 81 patients = 1 (1.2%). 


Deaths Postrepair RVP/LVP Ratio 
3 (5.3%) 0.55 

2 (2.7%) 0.55 

5 (3.8%)? 


RVP = right ventricular pressure; LVP = left ventricular pressure. 
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(2/131), and the incidence of thrombosis of the 
stoma was 1.6% (2/131), both in the early part of 
the series; there also occurred 1 case of obstruc- 
tive pulmonary disease with pulmonary valve 
atresia following a shunt (0.7%) (see Table 4). 
However, we encountered no serious recur- 
rence of physical and mental hypodevelopment 
(all patients above the 20th percentile) at defin- 
itive repair. 

Every patient during radical surgery pre- 
sented an arterial oxygen saturation between 80 
and 85% and a hematocrit below 60%. Fur- 
thermore, in our procedure, construction of the 
anastomosis on the posterior wall of the aorta, 
on the segment of the right pulmonary artery 
next to its origin and juxtaposed, allows for a 
virtually bilateral, if not symmetrical, pulmo- 
nary shunt flow and lessens the incidence of 
kinking of the right pulmonary artery. There 
has been only 1 instance in our series (0.7%) of 
kinking of the right pulmonary artery. It.is our 
opinion that the orientation of the suture, when 
the anastomosis between the aorta and pulmo- 
nary artery is being closed, may also influence 
the incidence of kinking. In fact, as noted, an 
orthogonal suture on the axis of the pulmonary 
artery is more likely, in our opinion, to induce 
kinking; as a rule, we orient the suture at 60 de- 
grees to the axis of the pulmonary artery. In ad- 
dition, there is a dilatation of the right pulmo- 
nary artery at the site of the anastomosis, due to 
the vortex of the flow, which involves the 
proximal part of the vessel. 

Based on our experience, the modified 
Waterston palliation [13] proves functionally 
efficient. The rare incidence (1.5%) in our pa- 
tients of transannular patching (see Table 5) 
demonstrates that this procedure is able to in- 
duce adequate growth of the hypoplastic an- 
nulus and the pulmonary vessels. This growth, 
which has also been documented by recent an- 
giocardiographic studies [8], is understandably 
important in light of current findings on early 
and late complications associated with transan- 
nular patching repair. Moreover, recent reports 
on late thrombosis of the prosthetic systemic— 
pulmonary artery fistula (Gore-Tex) [19] con- 
firm our opinion that the Waterston operation 
is the most reliable procedure, especially in in- 
fants. 


In recent reports, transannular patching re- 
pair was described as an incremental risk factor 
for patients under 4 years of age because of 
right ventricular overload due to severe pul- 
monary valve incompetence [7]. Furthermore, 
Graham and colleagues have demonstated that 
the presence of a patch in the right ventricular 
area induces an abnormal end-diastolic volume 
and ejection fraction of the right ventricle [10, 
11]. Pulmonary valve insufficiency is not as be- 
nign as is generally believed, especially when 
there is right ventricular dysfunction as in te- 
tralogy of Fallot. This is more evident when 
pulmonary insufficiency is followed up for 
more than 10 years. Valve insufficiency can be 
disastrous, causing progressive cardiomegaly 
and cardiac failure. For this reason, pulmonary 
valves have been replaced (Somerville J: per- 
sonal experience, 1981). 

Experimental findings [12] suggest that the 
right ventricular dysfunction can also affect 
performance of the left ventricle. Moreover, 
Rocchini and co-workers [9] have demonstrated 
that patients with unsatisfactory hemodynam- 
ics postoperatively always have considerably 
impaired left ventricular function. 

As an alternative to palliative surgery, a 
number of authors have turned to primary radi- 
cal correction in infants. This procedure has re- 
gistered a mortality rate ranging from 5% to 
45.45% in different centers. From 1973 to 1975, 
the cumulative mortality rate was 9.3% out of 
96 patients (infants) who underwent radical 
surgery in Auckland, Buffalo, Boston, Birming- 
ham, and Portland [3] (Table 6). Castaneda 
and his colleagues [4, 5] recorded a mortality 
rate of 5% in a series of 85 infants who under- 
went radical correction. Kirklin’s group [7] cited 
a mortality of 18.1% among 44 infants. Yacoub 
[16] has recorded a mortality rate of 15% out of 
13 patients under 2 years of age, and Deverall 
[3], 45.45% out of 11 patients. The incidence of 
transannular patching was high in all centers, 
ranging from 30 to 50% [3, 7, 16]. 

Reviewing their experience with primary re- 
pair in infancy, Kirklin and co-workers [7] 
stated that the youth and the small size of in- 
fants increase the risk of operation. Risk, in- 
versely related to age, is at a maximum in 
newborns; the high preoperative hematocrit 


419 Azzolina et al: Waterston Anastomosis in Two-Stage Correction of TOF 


Table 6. Results of Operation at Various Medical Centers? 


Center 


Auckland/Buffalc/Boston/Birmingham/Portland, 
multiple-center study (1973-1975) 

Boston, Harvard Medical School 
(1973-1980) 


Liverpool, Children’s Hospital 
(1970-1979) 


Utrecht, University Hospital 
(period not reported) 
Birmingham, University of Alabama 
(1972-1978) 
Munich 
(1974-1978) 
(1978-1980) 
Florence, Tuscan Heart and Chest 
Center (1975-1981) 


No. of 
Patients Age Mortality (%) 
96 <12 months 9.3 
25 <3 months 16.0 
60 4-12 months 5.0 
18 <12 months 22.4 
3 >3 months 100.0 
11 <12 months 9.9 
44 <12 months 18.1 
31 <24 months 12.5 
22 <24 months 5.3 
78> <12 months 0 
81° 2-6 years 1.2 


"Latest significant reports compared to a similar group of patients treated in two stages at Tuscan Heart and Chest Center, 


with cumulative mortality of <1% in 159 procedures. 
Waterston procedure. 


“Intracardiac correction (patients palliated with Waterston under 24 months). 


increases the risk effect at this age. Moreover, 
transannular patching is an independent in- 
cremental risk factor. They concluded that 
when a transannular patch is required, the 
two-stage approach is generally safer than pri- 
mary repair for infants up to 24 months of age; 
the two-stage procedure is still safer for very 
young and small-sized patients (<0.35 m? body 
surface area). 

Primary repair in infancy often requires the 
use of deep hypothermia. The recent report of 
Wright and colleagues [20] has shown the 
negative consequences this procedure may 
have on the patient’s physical and intellectual 
growth. According to their figures, only 41% of 
the patients who underwent deep hypothermia 
showed normal mental and physical develop- 
ment after a period ranging from 7 to 12 
months; furthermore, 76% demonstrated mild 
lags in mental and physical development, while 
28% were severely compromised. On the other 
hand, 80% of the patients who received a 
bypass under the same conditions showed 
normal mental and physical development. If the 
two-stage approach is adopted in conjunction 
with our modification of the Waterston proce- 


dure, radical correction can be deferred until 24 
months of age, thus avoiding the use of deep 
hypothermia. 

At radical correction, the adequate ring 
growth induced by a properly done Water- 
ston procedure has permitted us, in 98.6% 
of patients, to obtain the minimum accept- 
able diameter and the optimal RVP/LVP ratio 
with merely instrumental enlargement of the 
pulmonary valve ring. The mortality rate for 
radical surgery after the Waterston procedure 
was 3.8% (5/131) but decreased to 1.2% (1/81) in 
the last 81 consecutive cases, namely, 62% of 
the total (see Table 5). These figures, together 
with the observations already cited, strengthen 
our belief that it is preferable to treat high-risk 
tetralogy of Fallot in young children in two 
stages. If one adopts the modified Waterston 
shunt exclusively, these results can be achieved: 
lower cumulative mortality rate than that ob- 
tained previously with early radical correction 
in infants; avoidance of use of deep hypo- 
thermia; rare recourse to transannular patching; 
no requirement for prosthetic material (Gore- 
Tex); and no functional sequelae of vascular 
limb insufficiency (Blalock-Taussig procedure). 
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We are greatly indebted to Tina Galli, Annamaria 
Frezzato, and Dorothy Azzolina for their competent 
and close collaboration in archival research and text 
review. 


Addendum 

In the last 10 months, 9 of the 10 patients previously 
palliated and awaiting total repair were operated 
upon. All survive. 
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Discussion 

DR. ROBERT M. SADE (Charleston, SC): I wish to 
thank the authors for allowing me the opportunity to 
review their manuscript, and to congratulate them on 
their excellent results in a large series of patients with 
tetralogy of Fallot. Their results over the last 5 years 
give one the impression that surgical correction of 
tetralogy of ‘Fallot is no more dangerous than hav- 
ing two or three coronary bypass grafts. Perhaps, 
however, we need to ask some questions. 

In this series, only 2 patients (0.3%), were under 1 
month of age, yet 13 of the patients had pulmonary 
atresia. I would like to ask how the authors avoid op- 
eration in small neonates. Exclusion of such opera- 
tions may contribute substantially to the kind of low 
mortality they have reported. l 

In my view, the most noteworthy finding in this 
series is the low incidence of outflow patches re- 
quired during repair (1.5%). This incidence is sev- 
eral magnitudes below the lowest reported incidence 
until now—on the order of 30%. The authors believe 
their results are due to growth of the pulmonary ar- 
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tery after the Waterston shunt, but this conclusion is 
not fully justified by their data. It is now quite clear 
from several studies that a normal pulmonary valve 
gives the best late hemodynamic result, and that 
pulmonary insufficiency is not good but residual 
pulmonary stenosis is worse. Late catheterization is 
the only way to substantiate low residual pressure 
gradients. Do the authors have such data? Further- 
more, attempting to preserve pulmonary valve func- 
tion by valvotomy often results in pulmonary insuffi- 
ciency. How many patients in follow-up in this 
group have a diastolic murmur of pulmonary insuffi- 
ciency? 

I’m not yet ready to retrieve my 3 mm calibrator 
from the back of my instrument pack. Inaccurate 
sizing of the anastomosis and kinking of the right 
pulmonary artery were problems for me, as for most 
others, and Dr. Azzolina‘s learning curve of 40% 
mortality in his first 20 patients would take several 
years for us to repeat at our low rate of shunts for 
tetralogy of Fallot. Of 56 shunts we have done in the 
last.5 years, 11 were in patients with tetralogy, in- 
cluding 4 with pulmonary ‘atresia, with no hospital 
mortality. Four patients haye had successful repair 
about 3 years after receiving Gore-Tex shunts. 

When a shunt is needed, we use a subclavian- 
pulmonary artery Gore-Tex graft. The graft is easy to 
perform, blood flow to the arm is not interrupted, 
and flow through the graft is limited by the size of 
the subclavian artery orifice, even with a 5 or 6 mm 
graft, which is often substantially larger than either 
the subclavian or the pulmonary artery. 

All of this is not meant to detract from the impor- 
tance of the paper we have just heard. If it can be 
shown with long-term follow-up and catheterization 
data that Dr. Azzolina and- his colleagues can do 
Waterston shunts in infants and achieve little or no 
mortality, and if they can follow that with a mortality 
rate of about 1% at correction, and furthermore, if 
they-can induce growth of the pulmonary annulus 
and pulmonary artery so that repair leaves 98% of the 
patients with neither important pulmonary stenosis 
nor insufficiency, the authors will have made a major 
contribution to the surgical treatment of a lesion that 
is still, in our hands, very difficult. 


DR. WOLFGANG BIRCKS (Diisseldoif, West Germany): 
Unfortunately, our results differ in some respects 
from those of our colleagues from Florence. First, 
the mortality for primary palliation (Waterston anas- 
tomosis) is nearly equal (6.2% in 193 patients with 
tetralogy of Fallot, 1957-76), but the mortality for 
the correction later on is quite different (18.8% in 
90 patients, 1967-77). Second, .in contrast to the 


Florence group, we have had a lot of trouble with the 
pulmonary artery or the pulmonary artery pressure. 
Twelve of 90 secondarily corrected patients in our 
first series had pulmonary hypertension, and in this 
special group mortality was very high: about 40%. 
Kinking and stenosis of the right pulmonary artery 
occurred 9 and 2 times, respectively, with 1 operative 
death in each subgroup. Also in question is the cor- 
rection of the right ventricular outflow tract. We had 


to patch only the infundibulum in 23 cases and to use 


a transannular patch in 29 patients. 
So I do not agree with some of the conclusions of 


“the authors. Of course, we have to perform primary 


palliation when primary correction cannot be done; 
that is, in patients with truly unfavorable anatomy. 
In our opinion, the Waterston anastomosis is the best 
palliation. But we see no indication that develop- 
ment of the right infundibulum or the annular ring of 
the pulmonary artery is increased by means of the 
Waterston procedure. Finally, comparing the results 
and the incidence of patching, I have some doubts 
that the criteria for selection of cases in the Florence 
group and in our group were the same. 


DR. AZZOLINA: I thank the discussants and espe- 
cially Dr. Sade for his kind remarks. I truly believe 
that real emergencies are much less frequent than 
commonly perceived and treated. We operated on 
newborns from 6 days on in our series after homeo- 
stasis was restored. In some cases, we also treated 
dysproteinemia or hypoproteinemia, a condition 
that is very common in infants with tetralogy of 
Fallot and often causes increased morbidity and 
mortality. Moreover, pulmonary edema and wound 
healing trouble are encountered more frequently in 
these infants. 

According to both world literature and my own 
experience, some of the drawbacks of the Waterston 
anastomosis lie in the technical execution of the pro- 
cedure. If one creates a fistula in the real posterior 
aspect of the hypoplastic pulmonary-vessels, the flow 
will move right and left; since there is a substantial 
vortex, the flow will continue even in the main pul- 
monary artery. I am sure our ‘results are due to this 
particular type of technique. As far as the outflow 
patch is concerned, I believe.one can avoid a lot of 
cutflow patching if a larger resection is performed up 
to and involving the pulmonary valvular ring, no 
matter how difficult this may be. 

We are going to reevaluate. our patients after at 
least 10 years of frequent follow-up. I do not be- 
lieve it is good practice to use invasive proce- 
dures any sooner to reevaluate patients who are 
doing well. 
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ABSTRACT We have developed fetal lamb models 
of congenital cardiothoracic lesions that have been 
allowed to progress through birth for physiological 
study. Simulated lesions, simulated repairs, actual 
lesions, and actual repairs have been performed in 
this model. . 

Sixty-two fetal lambs comprised the study group, 
including 48 in which models were created and 14 
controls. Models included pulmonary stenosis, aor- 
tic stenosis, and diaphragmatic hernia. Gestational 
age ranged from 90 to 120 days (0.6 of normal gesta- 
tion). In each pregnant ewe, laparotomy and hys- 
terotomy were performed under general anesthesia, 
with care taken to avoid placental vessels. The 
foreleg was exposed, the appropriate anterior chest 
wall was isolated, and a thoracotomy was done. 
Thoracic or cardiac procedures then were performed 
under controlled transplacental anesthesia and per- 
fusion. Following completion of the procedure, the 
fetal thoracotomy was closed, sterile antibiotic solu- 
tion was placed in the amniotic sac, and the hys- 
terotomy and laparotomy were closed. Subsequently 
the fetus either was allowed to progress to birth and 
infant study or underwent subsequent intrauterine 
repair and then was allowed to progress to birth and 
neonatal study. 

This. fetal lamb model provides reproducible 
anatomical and pathophysiological lesions to facili- 
tate the development of techniques for repair of such 
lesions in early infancy. Further, it offers the poten- 
tial for developing methods of intrauterine car- 
diothoracic surgical repair. 
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Intrauterine surgical repair of congenital lesions 
has become a reality. Obstructive lesions of 
both the urinary tract and the spinal canal have 
been successfully drained in humans before 
pressure atrophy of those structures could 
occur, but such efforts have not yet been ex- 
tended to cardiothoracic lesions [1, 2]. Congen- 
ital lesions for which such an approach might 
be applicable include those in which obstruc- 
tions produce anatomical hypoplasia, mak- 
ing neonatal repair difficult or impossible. In 
the current study, these include pulmonary 
stenosis, aortic stenosis, and diaphragmatic 
hernia. In each, the obstruction to growth, 
either intrinsic or extrinsic, results in substan- 
tial alteration of the postnatal anatomy that 
might be prevented by intrauterine repair. 

A model is necessary to investigate such an 
approach. The fetal lamb, which is the standard 
for production of anatomical lesions as well as . 
for study of intrauterine physiology, was used 
in the current investigation [3-8]. 


Materials and Methods 

The study group was composed of 62 fetal 
lambs, including 48 models and 14 controls. 
Fifteen lambs were investigated for repair of 
pulmonary stenosis, 3 for aortic stenosis, and 30 
for diaphragmatic hernia. Each of these lesions 
can result in hypoplasia of the organ system in- 
volved, be it vascular or parenchymal, and each 
can be diagnosed in utero. The diagnosis is ac- 
complished by two-dimensional echocardiog- 
raphy, which allows for delineation in the fetus 


of the anatomy, size, and orientation of the 


great vessels, the size and position of the 
chamber, and the anatomy of the pulmonary 
parenchyma. 

In the study, we proposed to produce simu- 
lated lesions to document the production of 
hypoplasia. Furthermore, simulated repairs 
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were designed to demonstrate the technical 
possibility of repair or reversibility of the le- 
sion. Actual lesions could then be produced 
and methods of repair tested in these models. 

In the case of the cardiac lesions, only simu- 
lated lesions and repairs were performed. 
Fourteen models of pulmonary stenosis were 
produced, with 5 controls and 1 simulated re- 
pair. Two models of aortic stenosis were created 
and 1 simulated repair was performed. In each 
simulated repair, a pursestring suture was 
placed in the appropriate vessel and a trans- 
verse arteriotomy then was performed. A sim- 
ple dilation of the aortic or pulmonary valve 
could then be accomplished. 

In the diaphragmatic hernia group, 7 lambs 
underwent successful insertion of a silicon bal- 
loon, producing simulated hemithoracic herni- 
ation [9]. In this group, marked lung hypoplasia 
occurred. Another 8 lambs had this balloon in- 
serted and then deflated at approximately 20 
days, producing simulated correction [10]. Fif- 
teen lambs underwent creation of a true dia- 
phragmatic hernia, with incision of the posterior 
aspect of the diaphragm allowing herniation of 
abdominal contents into the left hemithorax. 
Twenty days postoperatively they had correc- 
tion either by direct closure or by a silicon patch 
hernioplasty [11]. 

Initial operations were performed at age 90 to 
120 days (0.6 gestation). In each maternal 
sheep, laparotomy and hysterotomy were carried 
out under general transplacental anesthesia 
using 0.5 gm of ketamine and 1.5% inhalation 
halothane. Halothane anesthesia provided ade- 
quate uterine relaxation so that other tocolytic 
agents were not necessary in the lamb model. 
The hysterotomy wound was isolated, and care 
was taken to identify the appropriate anterior 
chest before incision was made. Likewise, care 
was taken to avoid injury to the placental ves- 
sels and cotyledons and to prevent loss of am- 
niotic fluid (Fig 1). The appropriate foreleg was 
exposed and a thoracotomy performed using 
meticulous hemostasis (Fig 2). Exposure of the 
head above the amniotic fluid level was 
avoided. 

In the cardiac group, a double umbilical tape 
was sutured in place to avoid constriction and 
to allow the obstruction to develop with growth 





Fig 1. Uterus exposed. The area of cotyledons is to be 
avoided (inferior arrow) while the hysterotomy is made 
over the appropriate chest of the lamb fetus (superior 
arrow). 





Fig 2. Limited hysterotomy (arrow) exposing the left 
hemithorax for subsequent thoracotomy. 


(Fig 3). In the diaphragmatic hernia group, 
simulated lesions and repair involved the 
insertion of a Silastic balloon with fetal 
monitoring equipment. A catheter from the 
balloon, as well as the monitoring leads, was 
brought out through the hysterotomy incision 
and maternal wound, allowing decompression 
in the simulated repair group and continuous 
monitoring. For the actual lesion and actual re- 
pair models of diaphragmatic hernia, an inci- 
sion was made in the posterior aspect of the left 
hemidiaphragm to allow entrance of abdominal 
contents into the left chest. Twenty days post- 
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Fig 3. Thoracotomy incision exposing the pulmonary 
artery. A double umbilical tape pulmonary artery band 
is placed without constriction. 


operatively in the repair group, correction was 
achieved either by direct closure of this defect 
or by a patch hernioplasty using a Silastic mesh 
sac to compensate for the loss of domain by the 
abdominal contents (Fig 4). 

In all animals, upon completion of the proce- 
dure the fetal thoracotomy was closed, sterile 
antibiotic solution was placed in the amniotic 
sac, and the hysterotomy and laparotomy were 
closed, with care again being taken to avoid 
injury to the placental vessels. The sheep uterus 
is remarkably inert under the anesthetic condi- 
tions employed, and the problems of uterine ir- 
ritability with premature labor and abortion 
produced by hysterotomy and fetal manipula- 
tion are avoided. However, it is noteworthy 
that early maternal attainment of erect posture 
and ambulation has been demonstrated to sig- 
nificantly reduce the incidence of early abor- 
tion. 


Results 

Sixty-two lambs underwent operative inter- 
vention (Table). Cardiac procedures were per- 
formed in 18, including simulated obstruction 
in 16 and simulated repair in 2. Thoracic proce- 
dures were performed in 30, including simu- 
lated lesions in 7, simulated repair in 8, and 
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: = a : 
Fig 4. Patch hernioplasty repair of a diaphragmatic 
hernia in which the abdominal contents are contained 
by a Silastic mesh sac (arrow). 


actual lesions and repairs in 15. Of the group 
with actual lesions, repairs by direct closure 
were performed in 6 fetuses with no survivors, 
and Silastic patch hernioplasty was performed 
in 9 with 6 survivors (see Fig 4). 

Using the methodology of simulated lesion, 
simulated repair, true lesion, and true repair, 
an anatomical approach to complex intrauterine 
congenital lesions can be achieved. The de- 
velopment of microsurgical techniques has al- 
lowed the manipulation of great vessels with a 
caliber of less than 0.5 mm (see Fig 3), as seen in 
this model. The wall thickness and pliability of 
these vessels of the fetal lamb allow the ma- 
nipulations necessary in the procedures. 


Comment 

Now that intrauterine surgical repair is possible 
[1, 2, 12, 13], its application to specific car- 
diothoracic lesions may produce improved re- 
sults. Such lesions include defects comparable 
to the urinary tract and spinal cord lesions al- 
ready successfully treated in humans, in which 
an obstructive process alters development such 
that, at birth, structures of the cardiopulmonary 
bed are hypoplastic and only palliative attempts 
to stimulate their growth have allowed sub- 
sequent repair. This situation is well illustrated 
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Operative Procedures in Fetal Lambs 





Operative Procedure No. of Fetuses 


Lesions created 


Pulmonary stenosis 14 
Aortic stenosis 2 
Diaphragmatic hernia 7 
Simulated lesion repair 
Pulmonary stenosis 1 
Aortic stenosis 1 
Diaphragmatic hernia 8 
Actual lesions repaired 
Diaphragmatic hernia 15 
Closure 6 
Patch 9 
Controls 14 
Total 62 





in the case of diaphragmatic hernia, in which 
the degree of pulmonary hypoplasia determines 
postnatal survival; yet pulmonary hypoplasia is 
the developmental consequence of compression 
by herniated viscera during gestation, and the 
severity of hypoplasia has been shown to de- 
pend on the degree and duration of compres- 
sion in utero [14]. 

In this group of congenital defects, pulmo- 
nary stenosis, aortic stenosis, and diaphrag- 
matic hernia are the most obvious lesions to po- 
tentially benefit from prenatal correction, and 
were the focus of our initial efforts at in- 
trauterine surgical repair. Investigation of such 
an approach was stifled in the past by lack of a 
method for accurate diagnosis in utero. In- 
trauterine echocardiography recently has af- 
forded such a diagnostic modality, making it 
possible to assess cardiopulmonary anatomy 
accurately in utero as well as to investigate sur- 
gical approaches [15]. . 

This study has examined the use of a fetal 
lamb model to develop techniques of producing 
lesions for physiological study as well as a pos- 
sible method for intrauterine repair. The fetal 
lamb constitutes a stable model for such study 
because the sheep uterus is remarkably inert 
when interventions are performed. Meticulous 
attention to anesthetic technique as well as to 
uterine and fetal manipulations has decreased 
fetal loss from more than 50% to less than 15%. 


As previously stated, the lamb is the standard 
model for investigating intrauterine develop- 
ment of the cardiopulmonary system. Rudolph 
and co-workers [7] have extensively studied the 
intrauterine development of the cardiac and 
pulmonary circulations using this model, in- 
cluding the hemodynamic changes that occur 
with acid-base balance and hormonal influ- 
ences, especially the prostaglandin system. 
Comparative investigations of such influences, 
as well as repairs, are thus feasible in the 
pathological models. Harrison and deLorimier 
[12] have examined the effects of extrinsic pres- 
sure on the pulmonary system, demonstrating 
that hypoplasia of the bronchial tree is directly 
related to these pressure effects. Likewise, early 
investigations by Vlahakes and colleagues [16] 
of simulated cardiac lesions and methods of re- 
pair have demonstrated the feasibility of such 
study with this model for examination of both 
the pathophysiological consequences of cardiac 
lesions and the technical methods of intra- 
uterine surgery. 

Thus, in the fetal lamb model it is possible to 
reproduce anatomical and pathophysiologi- 
cal lesions, the study of which may facilitate 
development of techniques for their repair. 
With the identification of lesions in utero, 
intrauterine cardiothoracic surgery appears 
possible. 
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Discussion 

DR. CARL H. ALMOND (Columbia, SC): Interestingly 
enough, we developed these techniques several years 
ago at the University of Missouri, where we were 


studying drug transference. The techniques are 
straightforward. I would be interested to hear Dr. 
Turley discuss the amniotic fluid problems, because 
we started out trying to save the amniotic fluid and 
found it was not very important to do this. We also 
found that we could operate on almost all areas of the 
fetal lamb body, but that the sheep and the lamb are 
more subject to infection with pulmonary problems 
than is the goat. Therefore, after approximately 20 or 
30 operations, we shifted to using the goat, which is 
a much more stable animal and has fewer pulmonary 
problems than the lamb when housed under the re-. 
strictive circumstances necessary for operating con- 
ditions and postoperative follow-up. 


DR. WILLIAM A. GAY (New York, NY): These are 
very nice studies, Dr. Turley. I wonder if you have 
done any intracardiac procedures in this particular 
model. 


DR. TURLEY: I thank the discussants for their com- 
ments. Concerning the question of the amniotic 
fluid, we have not encountered problems in replac- 
ing the lost fluid with antibiotic saline solution. We 
have not made a great attempt to preserve amniotic 
fluid when the amniotic sac is opened because we 
found that total replacement with warmed antibiotic 
solution suffices. 

We have not encountered major pulmonary prob- 
lems in these animals. Our pediatric cardiology 
group has engaged in intrauterine physiological 
studies with the lamb since 1964, and this is why we 
selected this model to investigate in utero surgical 
techniques. Dr. Harrison of our pediatric surgical 
group used this model to develop his method of 
draining the urinary tract, which he subsequently 
perfected in monkeys and has successfully performed 
in 2 patients. 

To answer Dr. Gay’s question, we have not done 
any intracardiac work to date. The lamb at the age at 
which we are operating, 0.6 gestation, has a very fri- 
able myocardium; however, the potential exists for 
creation and repair of intracardiac lesions in this 
model as the technology improves. Currently, a pro- 
gram of shunt formation and the potential for in- 
trauterine cardiopulmonary bypass exist and may 
allow such an approach. 


Unstable Angina Pectoris: 


Comparison with the National Cooperative Study 


Ellis L. Jones, M.D., Thadeus F. Waites, M.D., Joe M. Craver, M.D., 
David K. Bone, M.D., Charles R. Hatcher, Jr., M.D., 


and Tom Thompkins, P.A. 


ABSTRACT Seventy-eight patients having pro- 
longed pain (greater than 20 minutes) with transient 
S-T segment and T-wave changes and coronary ar- 
tery bypass were compared to 288 patients previ- 
ously reported in the National Cooperative Study on 
the treatment of unstable angina pectoris. Clinical 
characteristics observed in the present study that dif- 
fered from those of the National Cooperative Study 
included a more chronic anginal pattern, slightly 
older age, greater number of women, and higher in- 
cidence of prior myocardial infarction. The severity 
of vessel disease was the same for both groups. Left 
ventricular function was slightly better in the pres- 
ent series. The incidence of perioperative infarction 
in the present series (3.8%) was significantly less 
than that for surgical patients reported in the Na- 
tional Cooperative Study (17%). Hospital mortality 
was also less: 1.2% versus 2.0 and 3.0% for the 
medical and surgical patients, respectively, in the 
National Cooperative Study. Late myocardial in- 
farction was 11% and 13% at 30 months for medical 
and surgical patients in the National Cooperative 
Study, and only 3% at 43 months in the present sur- 
gical series. Actuarial survival for the entire patient 
population was 95% at 42 months. The reduced hos- 
pital mortality and perioperative infarction rates 
were attributed to immediate operation once acute 
myocardial infarction has been ruled out, advances 
in surgical and anesthetic technique, selection of 
patients with preserved left ventricular function, 
and a trend toward complete revascularization. 


When the National Cooperative Study on the 
Treatment of Unstable Angina was proposed, it 
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was hoped that a satisfactory protocol for the 
treatment of this clinical subset of ischemic 
heart disease would be forthcoming. Unfortu- 
nately, when the results were published in 
November, 1978, many questions remained 
unanswered [1]. This was primarily due to the 
large crossover population of medical patients 
who were therapeutic failures (36% in 30 
months) and who subsequently required coro- 
nary bypass for relief of chest pain. Further 
confusion arose because of the high surgical 
mortality (3%) and perioperative myocardial 
infarction rate (7%) that existed while the study 
was in progress (1972 to 1976). Conclusions of 
the National Cooperative Study were, essen- 
tially, that patients with unstable angina pec- 
toris could usually be managed acutely by in- 
tensive medical therapy with adequate control 
of pain and no increase in the early mortality 
or myocardial infarction rate. Later, elective 
surgery could be performed with low risk and 
good clinical results if the patient’s angina 
failed to respond to intensive medical therapy. 
Since 1976, however, advances in surgical 
technique and perioperative management of 
patients with all forms of coronary disease have 
been enormous; conclusions derived earlier 
may no longer be applicable. Additionally, it 
has been difficult to espouse an approach to 
management that has an in-hospital medical 
infarction rate of 8% and a late infarction rate of 
11% [1], findings that have been corroborated 
by other published medical series [2-6]. Pro- 
longed medical observation and treatment of 
patients hospitalized for unstable angina are 
not without risk, even though later ischemic 
episodes and infarction are nonfatal. As pro- 
gressive myocardial damage occurs, long-term 
survival is adversely affected even though 
coronary bypass is finally performed [7]. 
Because of the incidence of early and late 
infarction with medical therapy, the risks of pro- 
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longed medical therapy to patients with previ- 
ously unstable angina, and the success of oper- 
ative treatment in all types of coronary artery 
‘disease in recent years, it seemed appropriate 
to review our results in those patients with un- 
stable angina pectoris and objective signs of 
myocardial ischemia. The records of 78 con- 
secutive patients admitted to the Coronary Care 
Unit of Emory University Hospital with pro- 
longed chest pain (greater than 20 minutes) as- 
sociated with transient S-T segment and T- 
wave changes on the electrocardiogram (ECG) 
were reviewed. The results of these findings 
and comparison with the National Cooperative 
Study are the basis for this report. 


Materials and Methods 

Clinical and Electrocardiographic Criteria 
Candidates admitted to the study were patients 
with unstable angina pectoris of severity suffi- 
cient to warrant admission to our intensive care 
unit in order to rule out myocardial infarction. 
Angina either was of recent onset or repre- 
sented a change in pattern for patients with 
previously stable angina. Duration of rest an- 
gina was in excess of 20 minutes. There was no 
limit on age or the occurrence of past myocar- 
dial infarction. 

Transient ECG changes, consisting of S-T 
segment elevation, S-T depression, T-wave 
changes, or a combination of these findings, 
were documented during the episodes of pain. 
All patients were screened to rule out ECG 
evidence of evolving myocardial infarction 
(pathological Q waves) during the period of ob- 
servation. A diagnosis of myocardial infarction 
was eliminated by serum enzyme studies 
(creatine phosphokinase and CPK-MB isoen- 
zyme) obtained during patient confinement to 
the coronary care unit. Radionuclide scanning 
was not utilized to rule out myocardial infarc- 
tion. Cardiac catheterization either was per- 
formed during the patient’s admission to the 
coronary care unit for chest pain or had been 
done previously, prior to the present hospital 
admission, for unstable pain. Medical therapy 
consisted of propranolol in 68 of the 78 patients 
(87%), intravenous nitroglycerin in 28 (36%), 
and frequent narcotic administration in 62 
(80%). In order to evaluate the incidence of late 


infarction following: hospitalization, a recent 
twelve-lead electrocardiogram (supplied by the 
referring physician) was compared with one 
performed just prior to hospital discharge fol- 
lowing the operation. 


Coronary Arteriographic and Left 
Ventriculographic Criteria 

All patients had coronary artery obstructions 
equal to or greater than 75% of the cross- 
sectional area of at least one coronary artery. No 
lower limits were placed on left ventricular 
function in patients included in the study. Pa- 
tients with left main coronary artery disease 
were also included. Patients with diffuse, inop- 
erable coronary disease, regardless of left ven- 
tricular function, were excluded. 


Patient Population 
Between January, 1974, and July, 1980, 78 pa- 
tients with prolonged chest pain (greater than 
20 minutes) and transient ECG changes of isch- 
emia had coronary bypass operations at Emory 
University Hospital and were compared with the 
288 patients reported in the National Coopera- 
tive Study. The majority of the 78 patients were 
admitted to the coronary care unit because of a 
change in the pattern of previously existing an- 
gina pectoris. Unstable angina, characterized as 
pain of recent onset, accounted for relatively 
few cases compared to those in the National 
Cooperative Study (Table 1). The average age of 
the patient population was 57 years and was 
slightly higher than that of the National 
Cooperative Study. Almost 20% of patients in 
the present study were older than 65 years of 
age (15/78). Similarly, the percentage of women 
in our series was slightly greater than that of the 
National Cooperative Study. Approximately 
70% of patients in the present series had suf- 
fered a previous myocardial infarction. Con- 
gestive heart failure was present in 14% of the 
patients, and cardiomegaly was demonstrated 
on chest roentgenograms in 10% (see Table 1). 
The average interval between admission to 
the coronary care unit and operation was 3.9 
days. Of those patients who gave a previous 
history of angina pectoris but had developed a 
change in the pattern of their pain, the average 
duration of the angina was 28.6 months. Ven- 
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Table 1. Clinical Presentation of Patient Population 





National Cooperative Study: 


Patient Data Medical-Surgical 





No. of patients 288 
Anginal pattern (%) 

New onset 50 

Changing pattern 50 
Mean age (yr) 53 
Sex: % male 84 
Previous myocardial infarction (%) 69 
History of congestive heart failure (%) NA 
Cardiomegaly by chest roentgenogram (%) NA 


NA = information not available. 


Table 2. Extent of Coronary Disease and Ventricular Function 


National Cooperative Study: 


Patient Data Medical-Surgical 


Coronary disease 


Single vessel 24 
Double vessel 35 
Triple vessel 41 
Left main Excluded 
Ventricular function 

LVEDP 

<12 mm Hg 71 

>12 mm Hg 29 
Ejection fraction 20.50 ' 73 





aValues are percentages of patients, 
LVEDP = left ventricular end-diastolic pressure. 


Emory Surgical 
Study 


78 


13 (10/77) 
87 (67177) 
57 

75 

75 

14 (11/78) 
10 (8/78) 


Emory Surgical 
Study 


26 (20/78) 

39 (31/78) 

26 (20/78) 
9 (7/78) 


82 (64/78) 
18 (14/78) 
76 (54/71) 


tricular arrhythmias requiring pharmacologi- 
cal treatment in the coronary care unit were 
present in 10% of the patients (8/78). 

Table 2 depicts the extent of coronary disease 
and ventricular function in the two groups of 
patients. Although left main coronary artery 
disease was excluded from the National 
Cooperative Study, it was present in 9% of pa- 
tients in the Emory surgical series. The majority 
of patients with left main coronary artery dis- 
ease also had associated multivessel disease. 
Therefore, the distribution of coronary artery 
disease in the Emory surgical study was ap- 
proximately that of the National Cooperative 
Study for both medical and surgical patients. 

Left ventricular function, as defined by ejec- 
_ tion fraction and resting left ventricular end- 


diastolic pressure, was approximately the same 
in both groups, although slightly better in the 
present series. Ejection fraction was considered 
normal (0.50 or less) in 73% of patients in the 
National Cooperative Study and 76% of our 
patients. Ejection fraction was less than 0.40 in 
oniy 3 of 71 patients (4.2%) in the present 
study. 


Operative Technique 

A disposable bubble oxygenator and systemic 
hypothermia to 28°C nasopharyngeal tempera- 
ture were used in all patients. Patients were 
maintained on propranolol therapy up to the 
time of surgery. Cold (4°C) potassium or potas- 
sium hyperosmolar cardioplegia was used for 
myocardial preservation. The hyperkalemic 
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Fig 1. Myocardial temperature curve following injection 
of crystalloid cardioplegic solution at 7°C. 


solution was a potassium chloride solution (20 
mEq/L) buffered to pH 7.40; the hyperkale- 
mic hyperosmolar solution (concentration in 
mEq/L) consisted of K = 28, HCO; = 9.3, Na = 
95.7; 50% dextrose = 3.2 ml; 15% mannitol = 
200 ml, with sterile H,O to 1,000 ml; pH = 8.1; 
osmolality = 415 mOsm at room temperature. 
The cardioplegic solution (500 ml) was initially 
injected into the aortic root through a small 
Silastic catheter. The reduction in myocardial 
temperature was usually striking and ap- 
proached 9° to 12°C (Fig 1). To maintain this 


Table 3. Operation and Complications® 


National Cooperative Study 


hypothermic hypometabolic state, an addi- 
tional 100 ml of solution was injected into each 
vein graft at the conclusion of the anastomosis. 
This solution maintains regional hypothermia 
as well as preventing a pursestring effect on the 
anastomosis from the continuous suture tech- 
nique. A single, uninterrupted period of aortic 
cross-clamping was used to perform all distal 
anastomoses. Left ventricular filling pressure, 
cardiac output, and peripheral resistance have 
been monitored routinely with the Swan-Ganz 
catheter once the operation was completed. 
Results 

Operation 

Single coronary bypass grafting was performed 
in 15% of our series and three or more grafts 
were inserted in approximately half. Of the 12 
patients who had single coronary artery bypass 
grafting, 2 received grafts to the marginal 
branches of the circumflex coronary artery, 2 
had grafts to the right coronary artery, 7 to the 
left anterior descending coronary artery, and 1 
to the diagonal branch of the left anterior de- 
scending coronary artery. The mean number of 
grafts per patient was 2.6. The frequency dis- 
tribution of bypass grafting was not stated 
in the National Cooperative Study. Coronary 
bypass grafting resulting in less than complete 
revascularization was present in 28% of our 
patients and in 35% of those in the National 
Cooperative Study (Table 3). Mean aortic 


Emory Surgical 





Patient Data Medical 


Bypass grafting 
Single coronary artery 
Double coronary artery 
2 Triple coronary artery 
Incomplete revascularization 
Postoperative complications 
Inotropes required 
New Q wave 8 
IABP 


Hospital mortality 2 


*Values are percentages of patients. 


Surgical Study 
NA 

NA 15 (12/78) 
NA 35 (27/78) 
NA 50 (39/78) 
35 28 (22/78) 
NA l 12 (978) 
17 3.8 (3/78) 
NA 1.2 (1/78) 
3 1.2 (1/78) 


NA = information not available; IABP = intraaortic balloon pumping. 
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cross-clamp time was 29.6 minutes. The aver- 
age time per graft was 11.4 minutes. 
Complications : 
Inotropic drugs were required to improve car- 
diac output following cardiopulmonary bypass 
in 12% of our patients. The incidence was not 
stated for surgical patients in the National 
Cooperative Study. However, this frequency 
was appreciably higher than that for elective 
coronary bypass (4.9%) at our institution over 
the same period (p < 0.01). New Q waves indic- 
ative of perioperative infarction occurred sig- 
nificantly less in the present series (3.8%) than 
in the National Cooperative Study’s surgical 
group (p < 0.005). Although the incidence of 
hospital infarction was higher in the medically 
treated patients in the National Cooperative 
Study than in our surgical series, this difference 
was not statistically significant (see Table 3). 
Use of the intraaortic balloon pump to improve 
cardiac output was required in only 1 patient in 
the present study, and this was in an individual 
who could not be successfully weaned from 
cardiopulmonary bypass. There was only 1 
death in our series, compared to a medical hos- 
pital mortality of 2% and a surgical hospital 
mortality of 3% in the National Cooperative 
Study (see Table 3). 


Follow-up and Late Complications 

Table 4 depicts the late complications and 
follow-up of patients in both the National 
Cooperative Study and the present series. Late 
mortality for our surgical series was less than 
the late mortality for patients treated medically 
or surgically in the National Cooperative Study. 
Late-occurring infarction (mean postoperative 
interval, 43 months) in the present series was 


Table 4. Follow-up and Late Complications 
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95 N=20 
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Months After Surgery 


Fig 2. Actuarial survival curve of patients with unstable 
angina pectoris and S-T segment and T-wave changes. 


also less than the late infarction rate of either 
medical or surgical patients in the National 
Cooperative Study. 

After a mean follow-up of 29 months, 46% of 
our patients (30/66) stated that they had no 
further chest discomfort suggestive of angina 
pectoris. Of the remaining patients in whom 
there was residual chest pain, 50% (33 patients) 
were improved and 4% (3 patients) were either 
unchanged or worse. Slightly less than two- 
thirds of our patients are currently working, 
a figure comparable to that of the National 
Cooperative Study. 

Actuarial survival for our 78 patients with 
unstable angina is depicted in Figure 2. At 42 
months, 95% of the patients were still alive. 

At some time during the follow-up period, 32 


National Cooperative Study 





Patient Data Medical 
Mean follow-up (mo) 30 
Late infarction rate (%) 11 
Late mortality (%) 7 
Working now (%) 60 


Emory Surgical 


Surgical Study 

30 29 

13 3.0 (133) 
5 2.6 (2/78) 

64 63 (27/43) 
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patients had 81 hospital readmissions (mean, 
2.5 admissions per patient). Chest pain thought 
to be angina pectoris by the referring physician 
was the reason for readmission in 25 cases, 
pericarditis in 4, ventricular arrhythmias in 1, 
and angina plus shortness of breath in 1. 


Postoperative Cardiac Catheterization 

Nineteen patients were readmitted to the hos- 
pital for repeat cardiac catheterization primarily 
for symptoms suggestive of angina pectoris. 
The average interval between operation and 
catheterization was 14 months. Of 44 grafts 
performed in these 19 patients, 34 were patent 
and free of stenosis, a patency rate of 77%. All 
grafts were patent in 12 of 19 patients (63%). 


Comment 

Unstable angina pectoris has been a subject of 
interest since Sampson and Eliaser [8] and Feil 
[9] described the clinical syndrome in 1937. 
There has been some disagreement about the 
true natural history of this condition. Several 
studies have shown a relatively good prognosis 
for patients with unstable angina [10, 11]. 
Gazes and associates [6] and others [2], how- 
ever, reported very high medical mortality 
rates. Since the marked discrepancies are not 
due to faulty follow-up procedures, one must 
assume that each group of investigators de- 
scribed a different population of patients. The 
report of Gazes was particularly interesting be- 
cause of the close long-term follow-up in his 
study. He identified a high-risk (first-year 
mortality, 43%) subgroup of patients with 
angina pectoris and ischemic S-T segment 
changes during the pain episodes. In addition, 
within three months of the onset of hospital- 
ization, 35% of the patients had developed acute 
myocardial infarction, and 63% of these pa- 
tients died. The obvious limitation of the Gazes 
study was the absence of coronary arteriog- 
raphy and accurate documentation of the extent 
of coronary vascular disease. Discrepancies 
between this early clinical study and the later 
group of patients in the National Cooperative 
Study probably can be attributed to the large 
number of patients in the Gazes study who had 


left main coronary artery disease and poor left 
ventricular function, and to the unavailability 
of surgery and intensive medical therapy. 

Few randomized prospective studies have 
been reported in which medical and surgical 
management for unstable angina were com- 
pared [3, 12]. In the National Cooperative 
Study, the fact that 36% of the group originally 
randomized to medical treatment had operative 
intervention (49% of those with triple-vessel 
disease) precludes a meaningful comparison 
of postoperative symptoms or longevity, and 
probably also of the incidence of early infarc- 
tion. This crossover reflects surgical treatment 
of medical failures. Nonetheless, the conclu- 
sions of the study are still considered impor- 
tant since they showed that most patients with 
unstable angina could be stabilized in the coro- 
nary care unit. While it is true that most pa- 
tients with unstable angina pectoris become 
symptom free with intensive medical manage- 
ment [5], this goal is achieved at the expense of 
enormous energy on the part of the medical and 
nursing staff, and prolonged intensive obser- 
vation in the hospital is almost always re- 
quired. Additionally, the early and late infarc- 
tion rates appear to be too high with medical 
therapy [12, 13]. The in-hospital infarction rate 
of 8% and late infarction rate of 11% in the Na- 
tional Cooperative Study agree with earlier 
studies by Bertolasi [3] and Matloff [14] and 
their colleagues. 

The influence of poor results on the aggres- 
sive implementation of diagnostic and surgical 
procedures in patients with unstable angina 
pectoris has been stated in several studies. In 
the series published by Day and associates [15], 
the authors concluded that this particular an- 
gina subset is initially best managed by medical 
therapy because of their experience with a very 
high cardiac catheterization mortality (21%) 
and a surgical mortality of 18%. There was a 
comparably large perioperative infarction rate 
of 27%. The occurrence of a high perioperative 
infarction rate has played an equally influential 
role in the management of patients with un- 
stable angina pectoris associated with transient 
ECG changes. Hultgren and associates [4] con- 
cluded that the “surgical management of un- 
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stable angina pectoris cannot be justified on the 
basis of prevention of myocardial infarction be- 
cause of the significant incidence of periopera- 
tive infarction despite a low operative mortality 
rate.” They did note, however, that late myo- 
cardial infarction occurred less frequently after 
surgical intervention than with medical therapy 
alone. 

The reduced hospital mortality and periop- 
erative infarction rate in the present series 
can be attributed to advances in surgical tech- 
nique and myocardial preservation, excellent 
anesthetic management before and after by- 
pass [16], a trend toward more complete re- 
vascularization, and selection of patients with 
preserved left ventricular function. Reduction 
in early and late myocardial infarction rates in 
part explains why actuarial survival in operated 
patients was approximately 95% at 42 months 
in the present study. 

Intraaortic balloon counterpulsation was not 
used preoperatively in the management of the 
present series of patients. Intraaortic balloon 
pumping, however, has been used selectively 
by some to stabilize patienis before opera- 
tion and to reduce hospital mortality and 
perioperative infarction. 

The importance of a brief but thorough pre- 
operative observation period in the hospital for 
patients with unstable angina pectoris is best 
demonstrated by the series of Golding and as- 
sociates [17] and Bender and colleagues [18]. In 
the series of Golding and co-workers, the aver- 
age interval from pain to the time of operation 
was one day. Hospital mortality was high (4%) 
and the perioperative infarction rate was pro- 
hibitive (18%). The authors concluded, quite 
properly, that they were operating on patients 
who had already sustained myocardial infarc- 
tion. In the present series, we obviated this 
problem by operating on patients after an ini- 
tial observation period. 

The superiority of surgery over medical 
therapy in amelioration of symptoms and re- 
habilitation of patients with unstable angina 
pectoris has been pointed out previously [4, 
14]. In the series reported by Hultgren and as- 
sociates [4], 60% of the surgically treated pa- 
tients were free from angina, compared with 


21% of those treated medically. That 96% of the 
surgical patients in the present study were 
either angina free or improved agrees with this 
earlier work. The fact that only 63% of patients 
in the present series were working at latest 
follow-up was influenced by the finding that 
almost 23% of them were older than 65. 

The low hospital morbidity and mortality 
following operation in patients with unstable 
angina and S-T segment and T-wave changes 
reinforces the concept that conclusions of the 
National Cooperative Study and older investi- 
gations [4, 15] may no longer be applicable in 
the light of recent advances in surgical treat- 
ment that have reduced both hospital mortality 
and hospital infarction rate. Prior to the Na- 
tional Cooperative Study on the management of 
unstable angina pectoris, operative mortality 
varied between 2 and 6% [4, 14, 17, 18]. Al- 
though these figures were generally accepted at 
the time, primary objections centered around 
the high perioperative infarction rate, ranging 
from 9 to 18%. Although participating institu- 
tions in the National Cooperative Study did 
much to reduce surgical mortality in patients 
with unstable angina pectoris, objections to the 
high perioperative infarction rate persisted. 
More refined surgical and anesthetic tech- 
niques (particularly continuous monitoring of 
ECG and cardiac filling pressure changes), 
myocardial preservation, and, in general, a 
smoother, more rapid conduct of the entire car- 
diac operation, have in large measure been 
responsible for progressively reducing the 
incidence of intraoperative and perioperative 
myocardial damage while minimizing opera- 
tive mortality. 

Our experience demonstrates that patients 
with unstable angina associated with transient 
ECG changes of ischemia can be safely man- 
aged surgically once sufficient observation 
rules out myocardial infarction. If chest pain 
becomes difficult to control with intensive 
medical therapy, these patients may undergo 
myocardial revascularization with every antici- 
pation that early and late mortality and infarc- 
tion rates will be superior to those found with 
medical therapy alone. Medical therapy, if pur- 
sued to an extreme, may result in death or 


| 


434 The Annals of Thoracic Surgery Vol 34 No 4 October 1982 


myocardial damage that cannot be reversed de- 
spite the best surgical therapy at a later date. 
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Arrhythmia Prophylaxis Using _ 
Propranolol after Coronary Artery Surgery 


James B. Williams, M.D., Larry W. Stephenson, M.D., Fred D. Holford, M.D., 
Terry Langer, M.D., W. Bruce Dunkman, M.D., and Mark E. Josephson, M.D. 


ABSTRACT Sixty patients undergoing coronary 
artery bypass grafting operations with cold potas- 
sium cardioplegia as the method of myocardial pres- 
ervation either received low-dose oral propranolol 
(10 mg every 6 hours; 28 patients) or served as controls 
(32 patients). The study period began after extuba- 
tion and ended at the time of hospital discharge. On 
the fourth postoperative day, 24-hour Holter moni- 
toring was performed to assess additional subtle dif- 
ferences in arrhythmias. 

The overall incidence of symptomatic postopera- 
tive arrhythmias was 31% in the control group: 6 pa- 
tients (19%) had atrial fibrillation or flutter and 4 
patients (12%), ventricular arrhythmias. By contrast, 
1 patient (4%) in the propranolol group had atrial 
fibrillation, and no patient had ventricular arrhyth- 
mias. The difference in overall arrhythmia rates 
between the two groups is significant (p < 0.025). 
Twenty-four-hour Holter monitoring demonstrated 
no additional differences in the frequency of simple 

_or complex atrial or ventricular ectopy between the 
two groups. 

We conclude that the incidence of postoperative 
arrhythmias following coronary artery bypass oper- 
ation is diminished by the oral administration of 
prophylactic low-dose propranolol. When compared 
with our previous study [1], in which the method 
of myocardial preservation was intermittent aortic 
cross-clamping and moderate hypothermia, there is 
no difference in the overall incidence of postopera- 
tive arrhythmias. 


Cardiac arrhythmias are common after heart 
operations and contribute to morbidity and 
mortality. The incidence of arrhythmias fol- 


From the Departments of Surgery and Medicine, School of 
Medicine, University of Pennsylvania, the Hospital of the 
University of Pennsylvania and the Philadelphia Veteran’s 
Hospital, Philadelphia, PA. 


Accepted for publication Dec 2, 1981. 


Address reprint requests to Dr. Stephenson, 4 Silverstein, 
3400 Spruce St., Philadelphia, PA 19104. 


anc ARAN AnArloONiaanane naman ne S ANOA h E Data 


lowing coronary artery operations has been re- 
ported in the range of 25 to 40% [2, 3]. We [1] 
have shown previously that propranolol in low 
doses is effective in diminishing the incidence 
of postoperative arrhythmias after coronary ar- 
tery bypass operation, when the method of myo- 
cardial preservation was moderate hypother- 
mia with intermittent aortic cross-clamping. 

Since completion of that study, our method of 
myocardial preservation has changed to cold po- 
tassium cardioplegia. The purpose of this study 
was twofold: to determine whether changing 
the method of myocardial preservation would 
alter the incidence of symptomatic postopera- 
tive arrhythmias, and to determine whether 
oral administration of low-dose propranolol 
would alter the incidence of symptomatic ar- 
rhythmias as well as those detected by Holter 
menitoring. 


Material and Methods 

Sixty-five patients who had coronary artery 
bypass grafting operation without additional 
cardiac procedures were eligible for the study. 
The patients were randomized by odd or even 
birthdate to receive propranolol or to serve as 
controls. Five of these patients were excluded 
from the study because of heart failure requir- 
ing the use of the intraaortic balloon pump 
perioperatively. Thus, 60 patients were in- 
cluded in the study. The study period began at 
noon of the patient’s first postoperative day and 
was terminated at the time of hospital dis- 
charge. All patients were extubated on the day 
of operation or early the following morning. 
Twenty-eight patients received propranolol 
orally, 10 mg every 6 hours, and 32 served as 
controls. Nine patients receiving digoxin and 5 
patients receiving either quinidine or pro- 
cainamide preoperatively were continued on 
these medications postoperatively. On the 
fourth postoperative day, patients underwent 
24-hour Holter monitoring. 
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The groups were similar in age, sex, and 
number of vessels grafted. The average age in 
both groups was 55.3 years. There were 25 male 
and 3 female patients in the group given 
propranolol, and 24 male and 8 female pa- 
tients in the control group. The number of 
vessels grafted was 2.7 in the propranolol group 
and 2.6 in the control group. Four patients had 
electrocardiographic or serum enzyme evi- 
dence, or both, of intraoperative or periopera- 
tive infarctions, although none of the infarc- 
tions appeared to be hemodynamically 
significant. Only 1 of these patients—a member 
of the control group—subsequently had ar- 
thythmias requiring ‘intervention. 

Both groups were also similar in regard to 
preoperative cardiac medications, including the 
number who had been taking propranolol pre- 
operatively (Table). For those who had been 
receiving propranolol preoperatively, its ad- 
ministration was ‘discontinued 8 hours before 
operation. Antiarrhythmic agents in use pre- 
operatively included procainamide, quinidine, 
disopyramide, and phenytoin. There were 
more patients taking digoxin preoperatively in 
the control group than in the propanolol group; 
the difference, however, was not statistically 
significant. f 

The method of myocardial preservation used 
was hypothermia with cold potassium car- 
dioplegic arrest; the perfusate temperature was 
maintained at 26°C after the aorta was cross- 
clamped. The cardioplegic solution, which con- 
sisted of 5% dextrose, 30 mEq/L of potassium, 
109.5 mEq/L of sodium, 1 mEq/L of calcium, 
27:0 mEq/L of sodium bicarbonate, and 1.8 
gmi of mannitol, was given at 4°C through the 
aortic root. Additional doses of: the solution 
were administered when the heart was noted to 
be fibrillating or after each distal anastomosis 
was completed, except for the last one. All op- 
erations were performed by one surgeon (Dr. 
Stephenson) or -by cardiothoracic residents 
under his direct supervision. 


Results 

The incidence of symptomatic postoperative 
arrhythmias was 31% in the control group: 6 
patients (19%) had atrial fibrillation or flutter, 
and 4° patients (12%) experienced ventricular 


Preoperative Cardiac Drugs 





Propranolol Control 
Drug Group (%) Group (%) 
Propranolol 89.3 84.3 
Nitrates 89.3 81.3 
Antiarrhythmic 14.3 12.5 
agents 
Diuretics 21.4 28.1 
Digoxin 14.2 21.9 


arrhythmias. In contrast, only 1 (4%) of the 
28 patients receiving propranolol had a symp- 
tomatic arrhythmia, atrial fibrillation. The dif- 
ference in overall arrhythmia rates between the 
propranolol and control groups is significant by 
the chi-square test (p < 0.025). 

None of the 9 patients who received digoxin 
preoperatively and continued to receive it post- 
operatively (4 in the control group and 5 in the 
propranolol group) had arrhythmias. Five pa- 
tients who were on a regimen of quinidine or 
procainamide preoperatively were restarted on 
the medication postoperatively by their car- 
diologist and showed no evidence of post- - 
operative arrhythmias. Four of these patients 
were in the control group, and 1 was in the 
propranolol group. Three of the 4 control pa- 
tients experienced symptomatic arrhythmias, 
while the patient in the propranolol group did 
not. 

Five of the 6 patients in the control group in 
whom supraventricular arrhythmias developed 
had been on a regimen of propranolol preoper- 
atively. Three of the 4 control patients in whom 
ventricular arrhythmias developed also had 
been taking propranolol preoperatively. The 1 
patient in the propranolol group in whom atrial 
fibrillation developed had been on.a regimen of 
propranolol preoperatively. 

Twenty-four-hour Holter monitoring per- 
formed on the fourth postoperative day, did not 
reveal additional differences in the frequency of 
simple or complex atrial or ventricular ectopy 
between the two groups. 


Comment: 

Coronary artery bypass grafting has ER the 
most common heart operation that requires 
cardiopulmonary bypass. Patients undergoing 
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coronary artery bypass grafting frequently have 
arrhythmias, especially atrial fibrillation or 
flutter, during the early postoperative period. 
Atrial fibrillation or flutter in this setting is 
usually associated with a rapid ventricular re- 
sponse. This may lead to hypotension, myocar- 
dial ischemia, or death. The prevention of these 
arrhythmias is obviously desirable. The use 
of digitalis preparations for arrhythmia pro- 
phylaxis in these patients has been evaluated 
[2-4]: Some . investigators have observed a 
decrease in the incidence of atrial arrhythmias 
with the use of digitalis:[2, 3]. However, in two 
recent reports, the incidence of postoperative 
arrhythmias was not decreased with prophy- 
lactic ‘digoxin : [4, 5]. In one large controlled 
series, there was actually. an increase in the in- 
cidence of atrial arrhythmias in the patients 
who had received digoxin prophylactically [5]. 

There are some potential disadvantages of 
using digitalis for prophylaxis of arrhythmias. 
Digitalis is not effective against the ventricular 
arrhythmias that commonly occur postopera- 
tively. There is a small but definite incidence 
of digitalis toxicity following cardiopulmonary 
bypass in patients receiving digoxin up to the 
time of operation [6-9]. Several factors tend to 
increase the sensitivity to digitalis and to lessen 
the threshold for toxicity in a patient follow- 
ing operation. These include’ hypocalcemia, 
hypomagnesemia, and a reduced creatinine 
clearance [9]. In addition, there is a heightened 
sympathetic tone due to both endogenous and 
exogenous catecholamines in the patient during 
and for a period after operation, and this may 
counterbalance the vagomimetic properties of 
digitalis that are responsible for controlling 
ventricular response in atrial tachyarrhythmias. 

Propranolol in low doses has been used suc- 
cessfully to control supraventricular and ven- 
tricular arrhythmias in patients receiving 
medical treatment only [10-13]. We [1] have 
demonstrated previously that propranolol is 


effective in the prevention of arrhythmias fol- 


lowing coronary artery bypass grafting when 
the method of myocardial preservation was 
moderate hypothermia with intermittent aortic 
cross-clamping. In that study, 223 patients were 
randomly selected to receive propranolol or to 
serve as controls. There was an 18% incidence of 


atrial arrhythmias in the control group, which 
is similar to the 19% incidence in the present 
study. The incidence of ventricular arrhythmias 
was 5% in that study and 12% in the present 
study. In the group receiving propranolol, there 
was an 8% incidence of atrial arrhythmias com- 
pared with a 4% incidence in the present study. 
There was a 2% incidence of ventricular ar- 
rhythmias in patients treated with propranolol 
in the previous study, and none in the present 
study. In the doses used in these studies (10 mg 
every'6 hours), the medication seemed to be 
well tolerated and side effects were not noticed. 

Two 1981 studies in which low-dose oral 
propranolol was used after coronary artery 
bypass operation further support the findings 
presented here [4, 14]. Roffman and Fieldman 
[4] studied 172 patients after coronary artery 
bypass grafting who served as control, received 
digoxin, or received digoxin and low-dose pro- 
pranolol postoperatively. The incidence of supra- 
ventricular arrhythmias was 28.2%, 28.9%, 
and 2.2%, respectively. It is unclear whether 
digoxin was needed in addition to proprano- 
lol in the third group. A cold glucose-insulin- 
potassium solution was used to obtain cardio- 
plegia. In the study of Mohr and co-workers 
[14], 85 patients were randomly assigned to 
receive low-dose oral propranolol or to serve as 
controls after coronary artery bypass grafting. 
All patients had been on a regimen of long-term 
propranolol preoperatively. Control patients 
had a 40% incidencé of. supraventricular ar- 
rhythmias while propranolol patients had a 5% 
incidence (p, < 0.005). Moderate hypothermia 
had been used as the method of myocardial 
preservation in their study. : 

Mohr and associates [14] then studied 18 pa- 
tients who had. not been on- a regimen of pro- 
pranolol preoperatively, and. found that post- 
operative administration of, propranolol was 
not as effective in diminishirig the incidence of 
supraventricular arrhythmias. The reason for 
this finding is not clear, although other authors 
[15-17] have noted an increased incidence of 
postoperative arrhythmias, tachycardia, and 
hypertension in patients-in whom propranolol 
was abruptly discontinued prior to operation. 
Abrupt discontinuance of propranolol may re- 
sult in an increase-in. sympathetic activity, thus 
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resulting in a greater incidence of supraven- 
tricular arrhythmias. Perhaps in these patients, 
low-dose propranolol might be more effective 
in preventing arrhythmias. 

In another study, propranolol initially was 
given intravenously until patients were able to 
take oral liquids, and then was administered 
orally [18]. In that study there was also a sig- 
nificant decrease in arrhythmias in the patients 
who had received propranolol postoperatively. 
The method of myocardial perservation was not 
mentioned. 

In conclusion, the present study demon- 
strates that (1) there is no difference in the inci- 
dence of postoperative arrhythmias whether 
the method of myocardial preservation used 
during coronary artery bypass grafting is cold 
potassium cardioplegia or moderate hypother- 
mia with intermittent aortic cross-clamping and 
that (2) oral administration of low-dose pro- 
pranolol is effective in decreasing the incidence 
of postoperative arrhythmias in such a setting. 
We suggest that low-dose oral propranolol be 
used for arrhythmia prophylaxis after coronary 
artery bypass operation, regardless of the mo- 
dality of myocardial preservation in all patients, 
except for those who require catecholamines or 
intraaortic balloon support, or both. 
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Hyperkalemia Complicating 


Cardiopulmonary Bypass: Analysis of Risk Factors 


Donald O. Weber, M.D., and Michael D. Yarnoz, M.D. 


ABSTRACT This study was undertaken to assess 
the hyperkalemic effect of several factors, including 
cardioplegia containing 25 mEq Kt per liter. We 
measured potassium balance at termination of car- 
diopulmonary bypass (CPB) in each of 20 patients 
with hyperkalemia (minimum K*, 6.0 mEq/L) and 20 
patients with normal potassium levels (K+ up to 5.5 
mEq/L) by subtracting urinary excretion of po- 
tassium from the sum of contributions from car- 
dioplegia, hemolysis, and transfusion. The effects 
of potassium balance, diabetes, blood glucose, 
catecholamines, and propranolol on the degree of 
potassium change during CPB were assessed by 
multiple linear regression. 

We found no effect of potassium load on potas- 
sium change in either the hyperkalemic or normal 
group. This suggested that derangement of potas- 
sium homeostasis was more important than exoge- 
nous potassium loading as a hyperkalemic stimulus. 
Use of catecholamines reduced the potassium change 
in the hyperkalemic group (p < 0.048), but any effect 
of propranolol on potassium change was not sig- 
nificant. 

A striking finding was the frequency of diabetics 
in the hyperkalemic group (12 of 20 patients) com- 
pared with the control group (2 of 20) (p < 0.001). In 
addition, the preoperative serum glucose level in the 
hyperkalemic group (mean, 154 + 75 mg/dl) ex- 
ceeded that of the normal group (mean, 103 + 13 
mg/dl) (p < 0.001). 

It is concluded that dangerous hyperkalemia is 
related to derangements of potassium homeostasis 
rather than excessive potassium loads, and that the 
use of cardioplegic solutions containing 25 mEg/L of 
potassium is safe. Known diabetics or patients noted 
preoperatively to have abnormal elevations of serum 
glucose deserve special attention during CPB, as 
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many hyperkalemic patients require pacing or pro- 
longation of bypass to manage the resulting elec- 
tromechanical disturbance. 


Sudden unexpected hyperkalemia during car- 
diopulmonary bypass (CPB) has been a spo- 
radic event of clinical importance, because 
cardiac pacing or prolongation of CPB may be 
required for its management [1, 2]. Potassium 
in substantial amounts is injected into the 
coronary circulation for myocardial protection, 
but concern has been raised about postbypass 
hyperkalemia [2, 3]. It has been proposed that 
coronary sinus effluent be aspirated to circum- 
vent possible effects of cardioplegic solutions 
[4]. However, the importance of potassium car- 
dicplegia as a hyperkalemic stimulus relative 
to the traditional sources of exogenous potas- 
sium—hemolyzed red blood cells and trans- 
fused potassium—remains unsettled. 
Fotassium levels may also be influenced 
by the internal environment. Catecholamines 
cause a marked decline in direct intracellular 
transfer of serum potassium [5], independent of 
insulin, aldosterone, or renal excretion [6]. 
Propranolol may prevent the B, mediated up- 
take of potassium by skeletal muscle in re- 
sponse to the intense adrenergic stimulus of 
sternotomy [6-8]. Bethune and McKay [1] re- 
ported that during CPB, potassium levels rose 
0.92 mEq/L in patients taking propranolol, 
whereas serum potassium fell 0.21 mEq/L in 
patients taking no drug. Todd and associates [9] 
reported less serum potassium decline during 
CPB in patients treated with propranolol than 
in untreated patients. Diabetics may exhibit 
hyperkalemia in the presence of acidosis, 
hyperglycemia, or potassium-sparing diuretics 
[10-12], and have been predicted to manifest an 
abnormal response to infused potassium and 
catecholamines in the presence of propranolol 
[6]. Motivated by the experience that hyper- 
kalemia could occur suddenly within the time 
required to measure potassium and that opera- 
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‘tions were occasionally prolonged for its man- 
agement, we studied the effects of selected 
variables on serum potassium in normal and 
hyperkalemic patients to identify risk factors. 


Materials and Methods 

Twenty consecutive male patients undergoing 
elective cardiac surgery at James Haley Veter- 
an’s Hospital, Tampa, FL, who exhibited 
serum potassium levels of 6.0 mEq/L or greater 
at termination of CPB (hyperkalemic group) 
were compared with 20 randomly selected pa- 
tients whose potassium never exceeded 5.5 
mEq/L (normal group). Characteristics of the 
normal and hyperkalemic groups appear in 
Table 1. Preoperative blood glucose was mea- 
sured as the mean for two fasting specimens. 


Table 1. Characteristics of Study Patients? 


Hyperkalemic Group 


All patients underwent operation using a Sarns 
modular roller pump and Bentley BOS-10 bub- 
ble oxygenator primed with 2,000 ml of Ringer’s 
lactate solution, 12.5 gm of albumin, 12.5 gm of 
mannitol, 1 gm of methylprednisolone, and 
1,000 units of beef lung heparin. Anesthesia 
was induced with thiopental and maintained 
with morphine and halothane. 

Bypass was instituted and the patients cooled to 
24°C. If mean arterial blood pressure remained 


below 60 mm Hg for 2 minutes after initiation 


of CPB, it was raised to that level by infusion 
of phenylephrine. After aortic clamping, 400 to 
500 ml of cardioplegic solution at 4°C contain- 
ing 25 mEq/L of potassium chloride was infused 
into the aortic root to produce electromechani- 
cal arrest and septal temperature below 15°C. 


Nermal Group 


Characteristic (N = 20) (N = 20) 
Patient age {yr)* 43-80 43—83 
(56.9 + 8.0) (57.6 + 9.5) 
Patient weight (kg)? 61-120 60-98 
(83.4 + 15.8) (79.7 + 10.7) 
Serum creatinine (mg/dl)* 0.9-2.2 0.8-1.7 
(1.3 + 0.3) (1.3 + 0.2) 
Dose of propranolol (mg/kg)* 0--4.64 0-3.16 
(1.80 + 1.41) (0.87 + 0.78) 
Fasting glucose (mg/dl)# 93-379 87—137 
(154.1 + 75.3) {102.9 + 12.7) 
Number of diabetics 12 2 
Number given 10 6 
catecholamines? 
Potassium increase 0.7-2.6 —0.3-0.6 
(catecholamines)*” (1.7 + 0.6) (0.3 + 0.3) 
Potassium increase 1.6-2.8 —0.5-0.8 
(no catecholamines)? (2.2 + 0.4) (0.02 + 0.37) 
Pump time (min) 62.2-155.8 71.6-139.7 
; (113.1 + 25.7). (98.9 + 21.0) 
Time from clamp removal 14-50 14-38 
to discontinuing CPB? (27.9 + 11.2) (21.3 + 5.9) 
Time from normal K* to 10-50 
: hyperkalemia (min)? . (25.3 + 10.2) 
Operative procedures ` CABG, 17 CABG, 14 





AVR + CABG, : 2 
MVR + AVR, ‘1 


aResults shown are ranges (mean + standard deviation). 


_ AVR + CABG, 2 


. AVR, 1 
` MYR, 3 


Diabetics had fasting glucose >125 mg/dl on two samples. 


CABG = coronary artery bypass grafting (mean, 3.5 grafts per patient); AVR = ‘aortic valve replacement; MVR = mitral 
valve replacement. 
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Simultaneously, iced saline solution was placed 
in the pericardial sac and aspirated with wall 
suction prior to declamping. Two hundred mil- 
liliters of cardioplegia was reinfused at 15- 
minute intervals after each distal anastomosis 
was completed, or earlier if cardiac activity re- 
curred. During CPB, glucose-free crystalloid 
was added to maintain oxygenator levels, and 
blood was added when perfusate hematocrit 
declined to 20%. Blood gases and pH were 
maintained in physiological ranges. Serum 
potassium was measured at 15-minute intervals 
during perfusion by a flame emission spec- 
trophotometer. At termination of bypass, 
serum free hemoglobin and bypass urine po- 
tassium were measured. The contribution of 
potassium by hemolyzed red blood cells was 
calculated as: 


SFH x V x 0.198 
MCHC x 100 


where SFH represents serum free hemoglobin 
(in gm/ml), V is the combined volume of the 
patient’s blood [13] and the CPB circuit (in ml), 
MCHC represents the mean corpuscular 
hemoglobin concentration (in gm/dl), and 0.198 
mEq/ml is the concentration of potassium in red 
blood cells [14]. The potassium derived from 
blood and cardioplegia (in mEq) was calculated 
by multiplying the volumes infused (in ml) by 
their respective potassium concentrations (in 
mEq/ml). Urinary potassium clearance was cal- 
culated as the product of the bypass urine (in 
ml) collected prior to the hyperkalemic event 
and its potassium concentration (in mEq/ml). 
The moderating effect on the serum potassium 
of the small difference between the potassium 
concentration in the patient’s serum and the 4 
mEq/L of potassium in the perfusate was disre- 
garded. l 

Potassium balance (in: mEq) was calculated 
for each patient by the following formula: 


K load = K (hemolysis) +K (transfused) +K 
(cardioplegia) — K (urine) 


Comparisons of the normal group with the 
hyperkalemic patients were made by using 


Student’s t test to evaluate independent means 
and chi-square [15]. The effects of continuous 
variables on potassium change were assessed 
by stepwise multiple regression [16]. Any p 
value less than 0.05 was considered significant. 


Results 

The results are shown in Tables 1 through 3. 
The hyperkalemic group contained a greater 
number of diabetics (12/20) than did the normal 
group (2/20) (p < 0.001). Significantly higher 
preoperative serum glucose levels (154.1 + 75.3 
mg/dl) were found in the hyperkalemic group 
than in the normal group (102.9 + 12.7, p < 
0.001). The effect of preoperative serum glucose 
on potassium change during CPB was signifi- 
cant, as was the effect of cross-clamp time (p < 
0.05, F ratio 13.08 with 1 and 38 df). A minimal 
increase in total correlation coefficient occurred 
with addition of the effects of potassium load 
and propranolol (see Table 3). Two patients in 
the hyperkalemic group and 1 in the normal 
group showed elevation of their serum potas- 
sium despite a net measured loss. Serum potas- 
sium increased less when catecholamines had 
been infused (1.7 + 0.6 mEq/L) than when they 
had not (2.2 + 0.4 mEq/L). This difference was 
significant only in the hyperkalemic group (p < 


0.05). 


Comment 

Profound hyperkalemia is suspected when no 
electromechanical activity returns to the heart 
during reperfusion, and is confirmed by mea- 
surement of serum potassium above 6.0 mEq/L. 
It may be prevented by treating rising potas- 
sium detected during bypass, but in some cases 
appears so suddenly at the end of perfusion that 
CPB must be prolonged. The hyperkalemia 
was successfully managed in all patients by 
administering a glucose-insulin combination, 
furosemide, calcium’, chloride, and sodium 
bicarbonate to facilitate intracellular potassium 
migration [2]. The time from removal of the 
aortic cross-clamp to: discontinuation of CPB 
was significantly longer in the hyperkalemic 
group (27. 9 + 11.2 min) than in the‘normal 
group (21.3 + 5.9 min), implying that extra time 
was spent managing hyperkalemia (p < 0.05). 





a] 
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Table 2. Sources of Exogenous Potassium (mEq) 








Hyperkalemic Percent Normal Percent 
Source Group of Total Group of Total 
Cardioplegia 20--50° 69.2 15-48.8° 66.1 
(29.5 + 8.1) (25.1 + 6.76) 
Hemolysis 1.1-11.8 13.3 3.2-5.5% 12.0 
(5.7 + 2.7) (4.6 + 1.9) 
Transfusion 0-35" 17.5 0-22.88 21.9 
(7.4 + 10.3) (8.3 + 9.6) 


aResults shown are ranges (mean + standard deviation). 


Table 3. Effects of Variables on Potassium Change during CPB 


Variables Considered 


Preoperative glucose alone 
Glucose and cross-clamp time 
Glucose, cross-clamp time, and K load 


Glucose, cross-clamp time 
K load, and propranolol 


Although pump time was longer in the hyper- 
kalemic group, the difference was not signifi- 
cant (p < 0.77). 

The greater frequency of diabetics in the 
hyperkalemic group (12/20) than in the normal 
group (2/20) was highly significant (p < 0.001), 
and suggested that patients with glucose intol- 
erance have a metabolic “set” for hyperkalemia 
during CPB. Moreover, hyperkalemic patients 
were found to have significantly higher pre- 
operative serum glucose levels (154.1 + 75.33 
mg/di) than normal patients (102.9 + 12.74 
mg/dl) of similar age, weight, serum creatinine, 
dosage of propranolol, surgical procedures, and 
intraoperative use of catecholamines (see Table 
1) (p < 0.05). Diabetics may have impaired 
potassium tolerance, which is improved or cor- 
rected by insulin replacement [10, 11, 17, 18]. 
The problem of life-threatening hyperkalemia 
in diabetic patients with normal renal function 
has been reported under conditions of hy- 
perglycemia or administration of potassium- 
sparing diuretics [10-12]. Since conditions of 
hyperglycemia and relative ‘insulin lack are 
present during CPB [19], it should not be sur- 
‘prising that CPB could present risk of hyper- 


Square of Multiple Correlation 
Coefficient (R°) 


0.25612 
0.28526 
0.29893 
0.29917 


kalemia to diabetic patients. The cross-clamp 
time also had a significant effect on potas- 
sium change (see Table 3), and it is likely that 
this relates to the duration of CPB—the hy- 
perkalemic stimulus. 

The conclusion that hyperkalemia resulted 
from derangement of the potassium-regulatory 
mechanism rather than exogenous potassium 
load under the conditions of this study was 
supported by several additional observations. 
Potassium load appeared to have a minimal 
effect on potassium change, and 3 patients 
showed increased serum potassium despite its 
net measured loss (see Table 3). Further, the 
short time from normal serum potassium to 
its highest spike (25.3 + 10.2 min) favored 
redistribution of endogenous potassium as 
the mechanism of change. Urinary potassium 
losses have been shown to be too small to ex- 
plain the rapid fluctuations of potassium oc- 
curring with CPB [20]. 

The importance of cardioplegic agents as 
hyperkalemic stimuli is unclear. In this study, 
two-thirds of the exogenous potassium came 
from the cardioplegic solution, but the total 
potassium load—and, hence, contribution of 
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cardioplegia—had minimal effect on potassium 
change. Our cardioplegic technique used 600 to 
2,000 ml of solution containing 25 mEq/L of 
potassium and delivered 15 to 49 mEq to the 
patient. The lack of effect of cardioplegia on 
potassium is consistent with the conclusions of 
others [21, 22] that specific measures to facili- 
tate potassium excretion are unnecessary when 
total potassium dosage does not exceed 50 
mEq/L. There appeared to be minimal con- 
tribution to potassium from hemolyzed red 
blood cells, transfused potassium, and preoper- 
ative propranolol. Lowering of potassium by 
catecholamine infusion occurred in the hyper- 
kalemic group, which was statistically but not 
clinically significant. 

Although hyperkalemia is a well-known 
complication of CPB and the diabetic state, the 
association of CPB and diabetes as a risk factor 
for hyperkalemia has not been well publicized. 
Although more than half of the hyperkalemic 
patients studied (12/20) had glucose intolerance, 
the incidence of hyperkalemia during CPB in all 
patients with glucose intolerance is unknown. 
It would be prudent, therefore, to monitor 
potassium particularly closely in such patients 
during CPB to anticipate and treat hyper- 
kalemia. 

The impact of future cardioplegic regimens 
on potassium can be related to the effects of 
the small-to-moderate volumes of cardioplegia 
containing 25 mEq/L of potassium reported 
here that did not cause hyperkalemia. Use of 
large volumes of cardioplegia may require 
coronary sinus drainage to avoid hyperkalemia 
[4], but those wha use the smaller potassium 
loads of conventional techniques will probably 
find that their cardioplegic solution has less ef- 
fect on serum potassium than does the patient’s 
internal environment. 
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Discussion 
DR. SIDNEY LEVITSKy (Chicago, IL): Dr. Weber has 
presented an extremely interesting study. First, I 
want to underline the fact that it reaffirms the safety 
of potassium crystalloid cardioplegia. Dr. Weber 
kiridly referred to some work that we did with our 
associates, Drs. Mammana and Beckman at the Uni- 
- versity of Illinois Medical Center, where we per- 
formed a similar study on 20 adult patients under- 
going in some cases extended cross-clamping for up 
to two hours for multiple valve replacement accom- 
panied by coronary bypass procedures. Despite the 
infusion of up to 48.4 mEq of potassium cardio- 
plegia, potassium excretion always exceeded in- 
take, resulting in a continuing negative balance 
of potassium. Contrary to Drs. Weber and Yarnoz, 
we never encountered hyperkalemic states in this 
group of patients, and the occasional transient 
electromechanical dissociation that required tem- 
porary pacing could not be correlated with elevated 
serum potassium levels. i 
' We did not study a subgroup of diabetics, but I 
wonder if Dr. Weber could tell us whether he primed 
the pump with a glucose- or a non-glucose-con- 
taining solution. We use the latter with all diabetics 
to avoid hyperosmotic glucose effects, which may 
have caused the potassium shifts noted. Never- 
theless, I believe we all agree that potassium cardio- 
plegia, as it is currently used, is safe with regard 
to potassium homeostasis. 


DR. WATTS R. WEBB (New Orleans, LA): One clinical 
word: we avoid hyperkalemia in our diabetics by 
being very careful. We keep adequate glucose on 
board but also make sure that they have adequate in- 
sulin, so the glucose is being carried into the cell 
along with potassium. I think it is most important for 
diabetics to receive adequate insulin during their 
procedure. 


DR. CLEMENT A. HIEBERT (Portland, ME): I would like 
to share with you the clinical experience of a 
middle-aged diabetic man with type IV hyper- 
lipidemia and triglycerides in excess of a thousand. 
At operation the patient's blood was the color of 
' Pepto-Bismol. As blood settled out in the wound, it 
had the appearance of milk. I had never encountered 
this before and wonder if the authors have seen it. 
Germane to the discussion is the fact that one-half 
hour into the bypass run, there was some hemolysis, 
the potassium rose to 20 mEq/L, and at the conclu- 
sion of rewarming the heart remained arrested. 
Thanks to the help of my partner, Dr. Robert Kramer, 
this desperate situation was reversed with insulin, 
bicarbonate, diuretics, intraaortic balloon pumping, 
external pacing, and prolonged bypass. The patient 
recovered and left the hospital in a week. My ques- 
tion: Does extreme hyperlipidemia exacerbate or 
predispose to hemolysis or hyperkalemia? 


DR. J. H. ROUSOU (Springfield, MA): I have a comment 
to make and a question for the authors. The comment 
is a challenge to their conclusion about the cause of 
hyperkalemia. My associate Dr. Engelman and I have 
had the same concern as the authors about the 
hyperkalemic state observed in some patients, espe- 
cially those with prolonged bypass or renal dysfunc- 
tion. We have seen patients who require pacing to 
discontinue bypass, which may cause morbidity and 
rarely even death. To correct the problem, we have 
followed a more simplistic resolution by simply dis- 
carding the cardioplegic solution, incriminating that 
as the cause of hyperkalemia. We have done this for 
the past two years by snaring the superior and in- 
ferior venae cavae, simply discarding all the car- 
dioplegic solution administered during the entire 
procedure. We do, I have to admit, use larger vol- 
umes of cardioplegia than many cardiac teams. 

I would like to make the point that we have drasti- 
cally decreased the incidence of heart block since we 
started discarding the hyperkalemic solution. We 
rarely see a patient now with hyperkalemia at the 
conclusion of ischemia. My question to the authors 
is: How great a volume of their hyperkalemic car- 
dioplegic solution do they use in an average case? 


DR. WILLIAM I. BRENNER (Los Angeles, CA): I echo the 
previous sentiment. I am quite concerned about the 
effect the conclusion of this paper might have upon 
this audience. 

Hvperkalemia has been of great concern to our 
group as the volume of cardioplegia administered 
has increased in recent years. We measure potassium 
frequently during open-heart operations and have 
beer. surprised to see high peak levels, occasionally 
in the range of 7 to 8 mEq/L. In children, we drain 
right atrial effluent from the coronary sinus to the 
cell-saver apparatus to minimize the potassium load. 
In adults, we stimulate kaliuresis by administering 
diuretics, and occasionally have to treat hyper- 
kalemia with glucose, insulin, calcium chloride, and 
bicarbonate when the level remains high. I would be 
very concerned if this audience assumed from the 
authors’ paper that the danger of hyperkalemia is not 
of clinical importance in cardioplegia cases. 


DR. WEBER: Dr. Levitsky, we managed the known 
diaketic patients as you described, although we gave 
no additional glucose during CPB. Many hyper- 
kalemic patients were not known diabetics, and only 
in retrospect was mild glucose intolerance noted. I 
am unaware of any effect of these levels of glucose on 
hyperlipidemia. 

A point which is extremely critical to clarify is 
whether the cardioplegic agent should be removed or 
delivered to the patient. Dr. Rousou, I noticed in 
your letter in the December, 1981, issue of the Journal 
of Thoracic and Cardiovascular Surgery two differences 
from our technique that may explain the discrepant 
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results. First, you reported moderate hypothermia to 
30°C, and second, you employed relatively large vol- 
umes of cardioplegic agent. 


... this technique allows for administration of larger 
volumes of cardioplegic solution, i.e., in the range of 
4 to 5 L if necessary, instead of the 1 to 2 L usually 
employed. Hence, the myocardium can be main- 
tained at the lower temperatures of 10° to 15°C, 
which is our preferred range of temperature, while 
systemic temperatures can be maintained near 
30°C [4]. 


In contrast, we employed deeper hypothermia, to 


24°C, and limited volumes of cardioplegic agent av- 
eraging 1,121 mi in the hyperkalemic group; the 
largest volume was 2,000 ml. We plotted volume of 
cardioplegia against serum potassium and potassium 
change, whether or not there was hyperkalemia, and 
found no correlation. 

These findings result from cardioplegic techniques 
that deliver total potassium loads of 50 mEq or less in 
the adult. If you give more potassium than this, you 
will certainly reach a point at which the mechanism 
changes from internal redistribution to external 
overload, with inevitable elevations in potassium. 
This point is all-important if the proper conclusion is 
to be drawn from our study. 








Notice from The American Board of Surgery 


The American Board of Surgery, Inc., an- 
nounces that it is now authorized to offer the 
Certification of Special Qualifications in Gen- 
eral Vascular Surgery to its Diplomates and 
to those of the American Board of Thoracic 
Surgery. It is not the intent of The American 
Board of Surgery to award this special certifi- 
cation to surgeons whose training or practice 
in vascular surgery is covered by the usual 
parameters of general and thoracic surgery. The 
certification is to be awarded only to those who 
have had intensive or additional approved 
training, or both, in this discipline, or who over 
a period of five years or more have clearly dem- 


onstrated their dedication to vascular surgery 
by making well-known and important con- 
tributions to the specialty. 

Certification will be offered on an annual 
basis. The first cycle of evaluation of surgeons 
who seek this special certification is now be- 
ginning, and the final step, a written examina- 
tion, will be completed on November 18, 1983. 

Interested surgeons who feel that they qualify 
should address their inquiries—as soon as pos- 
sible but no later than April 1, 1983—to the Sec- 
retary, The American Board of Surgery, Inc., 
1617 John F. Kennedy Blvd, Philadelphia, 
PA 19103. 


CASE REPORTS 


Mitral Annuloplasty 
in Endomyocardial Fibrosis: 


An Alternative to Valve Replacement 


A. E. Wood, F.R.C.S.(I), D. Boyle, F.R.C.P., 
M. D. O’Hara, M.R.C.Path., and J. Cleland, 


ABSTRACT The case of a patient with left ven- 
tricular endomyocardial fibrosis (EMF) causing se- 
` vere mitral regurgitation is presented. Excision of 
the fibrotic tissue through the left atrium and mitral 
annuloplasty resulted in symptomatic relief and 
“uncomplicated pregnancy. An X-linked congenital 
dermatological condition, Bloch-Sulzberger syn- 
drome (incontinentia pigmenti), associated with 
chronic eosinophilia, was also present. This occur- 
rence with EMF has not previously been reported. 
Atrioventricular valve reconstruction is a feasible 
alternative to valve replacement in EMF. 
Endomyocardial fibrosis (EMF) is a rare disease 
of obscure etiology [1-13]. It is endemic to 
tropical and subtropical countries. Sporadic 
cases have been reported in Europeans who: 
have never traveled abroad [2—4]. Restriction of 
one or both ventricles and severe atrioven- 
tricular valve regurgitation eventually lead to 
fulminant cardiac insufficiency [8-13]. Re- 
cently, surgical decortication and valve re- 
placement have been recommended as the 
treatment of choice [1-7]. Medical therapy has 
proved to be of no benefit [3, 6, 7]. We present 
our experience with atrioventricular valve re- 
construction and ventricular decortication in a 
patient with this condition and suggest it is an 
alternative surgical approach. 


A 32-year-old woman had been seen initially 
eight years earlier with symptoms of chole- 
lithiasis. Cholecystogram, barium swallow, 
and intravenous cholangiogram confirmed the 
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diagnosis. Cholecystectomy successfully abol- , 
ished the symptoms. A mitral systolic murmur 
was noted at that time. Chest roentgenogram 
and electrocardiogram were normal. A skin 
disorder, Bloch-Sulzberger syndrome (incon- 
tinentia pigmenti), was also diagnosed. 

The patient was seen again, 3 years later, in 
1972, with progressive nocturnal dyspnea and 
hemoptysis. There was no history of rheumatic 
fever or travel abroad. Examination revealed a 
moderate sinus tachycardia and blood pressure 
of 120/70 mm Hg. No anemia, cyanosis, or 
jaundice was noted. The jugular venous pres- 
sure was elevated 3 to 4 cm. Auscultation re- 
vealed a 3/6 mitral pansystolic murmur radiat- 
ing to the apex and a 2/6 middiastolic mitral 
murmur. Electrocardiogram showed right and 
left atrial hypertrophy and right ventricular 
hypertrophy with a right ventricular strain 
pattern. Chest roentgenogram demonstrated 
mild cardiomegaly with a prominent left atrium 
and pulmonary artery. The lung fields were 
normal. Barium swallow confirmed moderate 
left atrial enlargement. Hemoglobin was 14.5 
gm/100 ml, and white blood cell count was 
12.4 x 10/L with a normal differential. Repeat- 
ed eosinophil count showed values from 0.7 to 
0.8 x 104L. Erythrocyte sedimentation rate, blood 
urea nitrogen, serum electrolytes, and liver 
function tests were normal. Cardiac catheteri- 
zation revealed moderate mitral regurgitation 
plus mild pulmonary hypertension (Table). Left 
ventricular function was good. No obliteration 
of the left ventricular cavity was noted. The pa- 
tient was discharged on a regimen of digoxin 
and diuretic therapy, with subsequent im- 
provement. 

The patient remained satisfactory on yearly 
review until mid-1977, when she underwent 
reassessment because of increasing dyspnea 
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Cardiac Catheterization Data® 


ee ee 


Preoperative Preoperative Before After Postoperative 

Site 1973 1977 Bypass Bypass 1977 
Right atrium (mm Hg) a5, v3 (2) (2) us sean 
Right ventricle (mm Hg) 43/3 60/2 70/2 46/0 
Pulmonary artery (mm Hg) 43/19 (3) 60/25 (45) 70/30 
Pulmonary artery wedge a22, v33, y12 v37, y18 (25) 

(mm Hg) 14 
Left atrium (mm Hg) AOAI mE” v50 (35) 20/9 (16) 
Aorta (mm Hg) 120/70 100/65 110/65 110/60 110/70 
Left ventricle (mm Hg) 120/12 100/15 110/25 110/15 110/10 
“Mean pressures are in parentheses. 
and decreasing effort tolerance. Chest the apex of the ventricle. Echocardiogram con- 


roentgenogram showed increasing cardiomeg- 
aly (Fig 1A). Cardiac catheterization now 
showed moderate pulmonary hypertension 
with moderate-to-severe mitral regurgitation, 
mild mitral stenosis, and elevated left ven- 
tricular end-diastolic pressures (see Table). Left 
ventriculography (Figs 2A, 3A) demonstrated 
severe mitral regurgitation with obliteration of 


Fig 1. (A) Chest roentgenogram made preoperatively, 
shows cardiomegaly, prominent pulmonary artery, and 
enlarged left atrium. (B) One year postoperatively, a 
chest roentgenogram demonstrates reduction in heart 


size. 


firmed thickened mitral valve leaflets and mild 
mitral stenosis. Operation was advised. 

At operation (October 20, 1977) through a 
median sternotomy, inspection of the heart 
revealed moderate enlargement of both atria 
and the right ventricle. The left ventricle was 
dimpled over its apex and fibrotic looking. 
Standard cardiopulmonary bypass with mild 
hypothermia to 32°C was instituted. Consider- 
able difficulty was encountered while inserting 
the left ventricular vent. The mitral valve and 
left ventricular cavity were inspected through a 
left atriotomy. The anterior leaflet of the mitral 
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A 


Fig 2. (A) Preoperatively, a left ventriculogram at end- 
diastole (anteroposterior position) demonstrates a small 
ventricular cavity with obliteration of the apex. (B) 
Postoperatively, there was an increase in ventricular 


size. 


Fig 3. (A) A left ventriculogram at end-systole (right 
anterior oblique position) made preoperatively demon- 
strates gross mitral regurgitation. (B) Postoperatively, 
there is good valve competence. 








valve looked relatively normal. There were 
some thickened areas suggestive of myxoma- 
tous degeneration. Some of the chordae of the 
anterior leaflet were thickened, but not severely 
so. Each of the commissures was normal, with 
normal thin, fragile chordae. The posterior 
leaflet itself looked normal but, as in the an- 
terior leaflet, was thickened in some areas. All 
of its chordae were markedly thickened. Those 
chordae toward the medial commissure were 
severely shortened, and some at the lateral 
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commissure had a similar appearance. In these 
areas, the chordae were matted together. 

On looking inside the left ventricle, areas of 
marked thickening of the endocardium were 
seen, mostly at the apex and posterior wall ex- 
tending toward the posterior mitral valve leaf- 
let. The anterior wall was relatively free. The 
bases of the papillary muscles were involved, 
but the thickness did not extend to the tips of 
the muscles. The interior of the left ventricle 
was exposed by retracting the anterior mitral 
valve leaflet. A plane of cleavage was developed 
in a convenient area where the fibrotic, thick- 
ened endocardium extended onto the muscle. 
Using a scalpel and scissors, the area of the 
thickened endocardium was peeled from the 
muscle. This was carried out initially at a con- 
venient area away from the papillary muscles 
and then was performed piecemeal until the 
apical area and wall of the ventricle were 
cleared. This immediately increased the size of 
the left ventricular cavity. 

With respect to the papillary muscles, the 
thickened area was peeled from these muscles, 
but not completely, as irreparable damage 
might have been done to them. Between the 
papillary muscles and the posterior leaflet, 
again a plane of cleavage was achieved and 
further resection of the thickened endocardial 
area was carried out. To help visualize this area 
at the medial and lateral commissures, matted 
chordal tissue was removed to create windows, 
and excess tissue was excised. Then the sec- 
ondary chordae that were attached to the en- 
docardium and not the papillary muscles were 
excised, using a hook to elevate the chordae and 
divide them at each end. Several of these sec- 
ondary chordae were removed in this way. This 
increased the mobility of the posterior leaflet. 
The removal of primary chordal tissue did not 
lead to any flailing of the valve because there 
were enough residual thickened chordae to 
support it. The valve leaflet appeared to func- 
tion satisfactorily. We believe that mitral regur- 
gitation was caused by the binding down of the 
posterior leaflet to the posterior ventricular wall 
by the abnormal primary and secondary chor- 
dae and fibrotic endocardial tissue, and by dil- 
atation of the valve ring. 

A mitral plication annuloplasty after de Vega 


[14] was then performed, using 2-0 Ethibond 
on Teflon pledgets. A good mitral orifice was 
achieved and proved competent on testing. The 
patient took over her circulation with relative 
ease after a bypass time of 1 hour 21 minutes. 
After repair, pressures were satisfactory (see 
Table). 

Pathological examination confirmed the 
diagnosis of endomyocardial fibrosis. The pa- 
tient made a good postoperative recovery. Her 
chest roentgenograms showed a marked reduc- 
tion in heart size (Fig 1B). At follow-up four 
years later, the patient was asymptomatic. Re- 
peat angiography confirmed minimal mitral 
regurgitation (Fig 3B). 


Comment 

Endomyocardial fibrosis is a progressively re- 
strictive endocardial disease of unknown etiol- 
ogy that is endemic to tropical and subtropical 
countries [8-13]. It has occurred sporadically in 
Europeans who have not traveled abroad [2-4]. 
Described by Davies and Ball [8] in 1948, EMF 
primarily affects children and young adults, 
mainly females. The prognosis with medical 
therapy is poor [3, 6, 7]. 

There are several theories to explain the ori- 
gin of EMF, eosinophilia being the one most 
consistently advanced [8-13]. Although our 
patient had an absolute eosinophil count of 
0.9 x 10%/L, many would consider such a level 
within the normal range. Bloch-Sulzberger 
syndrome (incontinentia pigmenti) can cause a 
chronic eosinophilia [20, 21]. This syndrome is 
a hereditary dermatological condition transmit- 
ted probably as an X-linked dominant; it is 
lethal in the male and therefore results in a fe- 
male predominance. It presents soon after birth 
with a bullous eruption and eosinophilia and 
later resolves to a bizzare pattern of chocolate or 
slate pigment streaks. EMF has not previously 
been associated with it. In the case we report, 
it is impossible to establish if the syndrome 
was an etiological factor in EMF. Certainly no 
eosinophilic infiltrations were seen on micro- 
scopic examination. 

Endomyocardial fibrosis must be distin- 
guished histologically from Léffler’s eosino- 
philic endocarditis [8-13]. This may be impos- 
sible, especially in those patients who undergo 
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operation, because they probably represent 
the end stage of both diseases, the point when 
they are histologically similar [9]. The clas- 
sic findings in EMF on microscopy—areas of 
dense fibrous tissue, focal calcification, chronic 
inflammatory cells in relation to fibrous tissue, 
and mural thrombus—confirmed the diagnosis 
in our patient [8]. The eosinophilic infiltration 
or vasculitis that is found in Loffler’s endocar- 
ditis was not seen [9]. 

The clinical and pathological findings in EMF 
are well documented [1-13]. Increasing ven- 
tricular restriction and papillary muscle dys- 
function lead to ventricular failure and atrio- 
ventricular valvular regurgitation. Our patient 
was seen with classic evidence of left-sided 
involvement [2, 4, 8]. Left ventriculography 
demonstrated the characteristic findings for 
EMF of the left ventricle (see Figs 2A, 3A): a 
globular configuration of the left ventricle, oblit- 
eration of the apex, and moderate to severe 
mitral regurgitation [2, 4]. The curious localiza- 
tion of EMF to the apex as noted at operation 
has been documented previously [8]. 

Surgical decortication and valve replacement, 
successfully performed by DuBost [2] in 1971, is 
now considered the only effective treatment for 
EME [1-7]. Operative intervention certainly al- 
ters the prognosis very favorably. A review of 
the literature [1-7] shows that surgical ther- 
apy has been reported in 27 patients with 1 
operative death, a mortality of 3.7%. Though 
follow-up has been short (mean, 16.3 months; 
range, 2 to 72 months), no recurrences have 
been recorded. Only 5 previous patients with 
isolated left ventricular involvement have been 
operated on [1, 4, 6]. All underwent decortica- 
tion and valve replacement, with excellent re- 
sults. Left ventriculotomy was the chosen route 
to perform decortication in 2 patients (40%) [1, 
6]. In the remaining 3, the route of decortication 
was not documented [8]. 

Mitral annuloplasty was effectively accom- 
plished in this case using a technique similar to 
that described by de Vega [14], Paneth and 
colleagues [15], and others [16, 17]. It was con- 
sidered superior to valve replacement in this 
instance, as the patient wished to have children 
[18]. The side-effects of long-term anticoagula- 
tion for the patient and the fetus were thus 


avoided [22]. Our patient later had an uncom- 
plicated pregnancy, with delivery of a normal 
infant at term. No ventricular failure occurred 
throughout. In 1980, Carpentier and co-workers 
[19] reported the results of a 10-year appraisal of 
reconstructive surgery of the mitral valve and 
found the results predictable in those with 
commissural fusion, leaflet thickening, and as- 
sociated fused chordae (type III). Postoperative 
left ventriculogram (see Figs 2B, 3B) demonstrated 
excellent mitral valve competence and a satis- 
factory increase in left ventricular end-diastolic 
and end-systolic volumes, similar to that de- 
scribed by Hess and associates [4]. Mitral valve 
repair has been carried out in one other patient 
[5]. This patient, however, had right ventricular 
EMF with gross tricuspid valve regurgitation 
and mitral regurgitation secondary to left ven- 
tricular failure. Tricuspid valve replacement, 
right ventricular decortication, and mitral valve 
repair were carried out. No EMF was present on 
the left side. To our knowledge, our patient is 
among the first to undergo atrioventricular 
valve repair in the presence of EMF with satis- 
factory results. After a review of the obser- 
vations of Davies and Ball [8] on the valvular 
apparatus, it is obvious that valve repair is cer- 
tainly feasible. 

Our experience with mitral annuloplasty and 
ventricular decortication in a patient with left 
ventricular EMF suggests that atrioventricular 
valve repair plus ventricular decortication is a 
feasible alternate approach to valve replacement 
and decortication in EMF. Follow-up over a 
3-year period shows no evidence of deteriorat- 
ing valve function or recurrence of EMF. 


References 

1. Lepley D Jr, Aris A, Korns ME, et al: En- 
domyocardial fibrosis: a surgical approach. Ann 
Thorac Surg 18:626—633, 1974 

2. DuBost C, Maurice P, Gerbaux A, et al: The sur- 
gical treatment of constrictive fibrous endocar- 
ditis. Ann Surg 184:303-307, 1976 

3. Laing HC, Sharratt GP, Johnston AM, et al: En- 
domyocardial fibrosis in a European woman and 
its successful surgical treatment. J Thorac Car- 
diovasc Surg 74:803-807, 1977 

4. Hess OM, Turina M, Senning A, et al: Pre and 
postoperative findings in patients with en- 
domyocardial fibrosis. Br Heart J 40:406—415, 
1978 


451 


10. 


11. 


12. 


13. 


14. 


Case Report: Wood et al: Mitral Annuloplasty in Endomyocardial Fibrosis 


Sheikhazadeh AH, Tarbiat S, Nazarian I, et al: 
Constrictive endocarditis: report of a case with 
successful surgery. Br Heart J 42:224~—228, 1979 
Moraes CR, Buffolo E, Victor E, et al: En- 
domyocardial fibrosis: report of 6 patients and 
review of the surgical literature. Ann Thorac 
Surg 29:243-248, 1980 


. John S, Mani GK, Muralidharan S, et al: En- 


domyocardial fibrosis from a surgical stand- 
point. J Thorac Cardiovasc Surg 80:437-440, 1980 


. Davies JNP, Ball JD: The pathology of en- 


domyocardial fibrosis in Uganda. Br Heart J 
17:337-359, 1955 


. Brockington IF, Olsen EGJ: Loffler’s endocarditis 


and Davie’s endomyocardial fibrosis. Am Heart J 
85:308-322, 1973 

Oakley CM, Olsen EGJ: Eosinophilia and heart 
disease. Br Heart J 39:233-237, 1977 

Patel AK, D’Arbela PG, Somers K: Endomyocar- 
dial fibrosis and eosinophilia. Br Heart J 39: 
238-241, 1977 

Baandrup U: Léffler’s endocarditis and en- 
domyocardial fibrosis: a nosologic entity? Acta 
Pathol Microbiol Scand 85:869-874, 1977 

Case records of the Massachusetts General Hos- 
pital case 2—1979. N Engl J Med 300:82-86, 1979 
de Vega NG: La anuloplastica selectiva, regula- 
ble y permanente. Rev Esp Cardiol 25:555, 1972 


15; 


16. 


18. 


19. 


N 
N 


. Morgan JD: 


Burr LH, Krayenbühl C, Sutton MStJ, Paneth M: 
The mitral plication suture: a new technique of 
mitral valve repair. J Thorac Cardiovasc Surg 
73:589-595, 1977 

Rumel WR, Vaughn CC, Guibone RA: Surgical 
reconstruction of the mitral valve. Ann Thorac 
Surg 8:289-296, 1969 


. Carpentier A, Deloche A, Dauptain J, et al: A 


new reconstructive operation for correction of 
mitral and tricuspid insufficiency. J Thorac Car- 
diovasc Surg 61:1-13, 1971 

Oury JH, Peterson KL, Folkerth TL, Daily PO: 
Mitral valve replacement versus reconstruction: 
an analysis of indications and results of mitral 
valve procedures in a consecutive series of 80 
patients. J Thorac Cardiovasc Surg 73:825-835, 
1977 

Carpentier A, Chauvaud S, Fabiani JN, et al: Re- 
constructive surgery of mitral valve incompe- 
tence. J Thorac Cardiovasc Surg 79:338-348, 1980 
Carney RG, Carney RG Jr: Incontinentia pig- 
menti. Arch Dermatol 102:157, 1970 
Incontinentia pigmenti (Bloch 
Sulzberger syndrome). Am J Dis Child 122:294, 
1971 


. Taquchi K: Pregnancy in patients with a 


prosthetic heart valve. Surg Gynecol Obstet 
145:206, 1977 


Pulmonary 


Varices Associated 


with Mitral Valve Disease: A Case Report 


and Survey of the Literature 


Tsutomu Shida, M.D., Hidetaka Ohashi, M.D., Kazuo Nakamura, M.D., 


and Michinari Morimoto, M.D. 


ABSTRACT A case of pulmonary varices in a 24- 
year-old man with mitral regurgitation is reported. A 
brief summary of the literature on pulmonary varices 
associated with mitral valve disease is presented, 
with special reference to its etiology and surgical 
treatment. It is strongly suggested that production of 
varicosities of the pulmonary vein requires not only 
increased pulmonary venous pressure but also other 
local factors. If the patient has symptoms due to mi- 
tral regurgitation, operation for mitral valve disease 
is indicated. Direct operative intervention for the 
varices should not be performed. 


A pulmonary varix can be defined as a localized 
enlargement of a segment of a pulmonary vein 
that enters normally into the left atrium [1]. 
This finding is rare and of uncertain origin. 
Although more than half of the cases of pulmo- 
nary varices reported exist as an isolated anom- 
aly, an association with cardiac disease and 
with mitral regurgitation in particular [2-17] is 
seen in a number of patients. 

The course and outcome of the combination 
of pulmonary varices associated with mitral 
valve disease has been infrequently reported. 
We therefore present this case report and re- 
view of the literature. 


A 24-year-old man was known to have a heart 
murmur since he was 3 years old. Three round 
right paracardiac densities were discovered on 
a chest roentgenogram made when he was 20 
years old. These densities were not present on a 
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chest roentgenogram made when he was 15 
years old (Fig 1). 

In the ensuing 4 years, the size of the heart 
and the paracardiac densities increased. The 
patient remained free from symptoms until the 
end of 1980, at which time exercise intolerance, 
generalized edema, and cyanosis developed. 
He then was referred to the Kobe University 
Hospital for cardiac evaluation. 

On physical examination he appeared acutely 
ill. Cyanosis of the lips and fingers was present 
but there was no evidence of clubbing. Disten- 
tion of the neck veins and edema of the legs 
were noted. Blood pressure was 110/90 mm Hg, 
with an irregular heart beat. The heart rate was 
118 beats per minute, and the peripheral pulse 
rate was 80 beats per minute. Examination of 
the heart revealed a loud systolic murmur heard 
at the apex. The liver was palpable 5 finger- 
breadths below the right costal margin. 

Hemogram revealed a hemoglobin level of 
16.7 gm per 100 ml and a hematocrit of 53%. 
Blood gas analysis showed an oxygen satura- 
tion of 85% on room air. Electrocardiogram re- 
vealed atrial fibrillation, right-axis deviation, 
and left ventricular hypertrophy. 

Chest roentgenograms revealed, in addition 
to the cardiac configuration of mitral valve dis- 
ease, three densities in the right middle and 
lower lung fields paralleling the right heart 
border. Compared with the chest roentgeno- 
gram made when the patient was 20, slight en- 
largement of the right paracardiac masses and 
cardiomegaly were evident. 

Because of the densities in the lung field and 
the cyanosis, arteriovenous fistulas were sus- 
pected and pulmonary angiography was per- 
formed (Fig 2). The arterial phase revealed no 
lesions but the levophase demonstrated the 
presence of pulmonary varices at the same lo- 
cations as the masses seen on the chest 
roentgenogram. 


452 0003-4975/82/100452-05$01.25 © 1982 by The Society of Thoracic Surgeons 


453 Case Report: Shida et al: Pulmonary Varices and Mitral Valve Disease 





A 


Fig 1. Chest roentgenograms made (A) when the patient 
was 15 years old and (B) when he was 24 years cld. 
Note the newly developed densities in the right lung 
field in 1B. 


Right heart catheterization revealed a pulmo- 
nary artery pressure of 55/27 mm Hg with a 
mean pulmonary capillary wedge pressure of 20 
mm Hg and a cardiac index of 2.4 L/min/m’. 
There was no intracardiac shunting. The echo- 


Fig 2. Pulmonary angiograms of (A) the arterial phase 
and (B) the venous phase. Note that three varicose 
veins drain into the left atrium. 








cardiogram showed mitral valve prolapse and 
dilatation of the left atrium and left ventricle. 
Operation was performed on February 3, 
1981. Cardiac exploration revealed a systolic 
thrill in the moderately dilated left atrium as 
well as massively dilated right superior and in- 
ferior pulmonary veins. Wide open mitral in- 
sufficiency was present. The anterior leaflet of 
the mitral valve was redundant, and one of the 
chordae tendineae of the posterior leaflet was 
torn. The mitral valve was excised, and a 
prosthetic Bjérk-Shiley valve was inserted. 
Biopsy of a portion of lung showed medial 
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Fig 3. Photomicrographs of lung biopsy specimens: (A) 
pulmonary artery and (B) pulmonary veins. Medial 
hypertrophy of the large musculature artery and thick- 
ening and hypertrophy of the venous wall are appar- 
ent. (Elastica van Gieson; X200 before 49% reduction.) 


hypertrophy of the arteries, and thickening and 
hypertrophy of the venous wall (Fig 3). 

The patient’s postoperative course was un- 
eventful, and the cyanosis of the lips disap- 
peared. One month after operation, chest 
roentgenograms showed reduction in size of 
the heart and the pulmonary varices (Fig 4). 


Comment 

The etiology of pulmonary varices is uncertain, 
but developmental aberrations during the 
primitive splanchnic capillary stage are a likely 
possibility, particularly in asymptomatic pa- 
tients [1, 5]. In the symptomatic group with 
pulmonary venous hypertension, varices have 
been attributed to long-standing pulmonary 
venous hypertension [8]. The relationship be- 
tween pulmonary varices and the severity and 
duration of the pulmonary venous hyperten- 
sion has not been clear, since varices are rare 
compared with the incidence of mitral valve 
disease [18]. However, the operative treatment 
for mitral valve disease in a number of patients 
did cause regression in the varices as shown by 
radiological study, suggesting that pulmonary 
venous hypertension should be considered as 
the causative factor. In addition, rapid de- 
velopment of pulmonary varices following mi- 
tral regurgitation due to malfunction of a 
prosthetic mitral valve in 2 patients suggests 
that sudden onset of pulmonary venous hyper- 





Fig 4. Chest roentgenogram made one month postopera- 
tively. Note the reduction in the size of the heart and 
pulmonary varices. 


tension may be a factor in the development of 
pulmonary varices [7, 17]. 

Since the majority of patients with pulmo- 
nary venous hypertension, however, do not 
have associated pulmonary varices, it is in- 
teresting to wonder why these varices develop 
in only a few such patients. If elevation of the 
pulmonary venous pressure is the only reason, 
then why are only one or two veins involved in 
a number of patients? DeSanctis and associates 
[19] reviewed the cases of 3,500 patients with 
rheumatic heart disease and found only 10 with 
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Table 1. Pulmonary Varices Associated with Mitral Valve Disease (Operative Cases) 


Change in Size of Varices 








Age (yr), Cardiac Operation 
Author Sex Location Lesion Performed Preoperative Postoperative 
Gottesman and Weinstein [2] 39, E LUL MS MC Unchanged Unchanged (4 yr) 
Hipona and Jamshidi [3] 33, F RLL MR MVR Slightly enlarged Disappeared (2 yr) 
Burmistrov and Kashintsev [4] 37, F RLL MR MVR ? Reduction (1 mo) 
Perrott and Shin [5] 33, F RLL MR MVR 2 ? 
Eisenmann et al [6] 12, F RUL MR Correction ? Complete regression (18 mo) 
Twersky et al [7] 34, M RUL MR Ne pair of Newly developed Marked decrease in size 

ea 

Hsu et al [8] 44, F RLL MR MVR Enlarged Complete regression (2 yr) 
Shaw et al [9] 30, M R. hilum MR MVR Newly developed Complete regression (1 yr) 
Shida et al 24, M RUL, RLL MR MVR Enlarged Decrease in size (1 mo) 


[present report] 





LUL = left upper lobe; MS = mitral stenosis; MC = mitral commissurotomy; RLL = right lower lobe; MR = mitral regurgitation; MVR = 


mitral valve replacement; RUL = right upper lobe. 


Table 2. Pulmonary Varices Associated with Mitral Valve Disease (Nonoperative Cases) 





Age (yr), er 
Author Sex Location Cardiac Lesion Change in Size of Varices 
MGH [10] 44, F LUL MS Unchanged (5 yr) 
Bryk and Levin [11] 47, M RLL MSR ? 
Bryk and Levin [11] 54, F RLL MSR ? 
Viamonte and LePage [12] 52) RUL, RLL MS Enlarged 
Arena and Mathis [13] 14, F RLL MR ? 
Kelvin et al [14] 55, F RLL MR ? 
Cannon et al [15] 25, F RUL MR ? 
Kuze et al [16] 45, M RLL MR 2 
Lesser et al [17] 51,M RUL MR ? 


MGH = Massachusetts General Hospital; other abbreviations same as in Table 1. 


extreme enlargement of the left atrium. The 
rarity of extreme enlargement of the left atrium 
among patients with mitral valve disease 
suggests that not only is increased pulmonary 
venous pressure necessary to produce pulmo- 
nary venous varices, but also other factors, such 
as infection or congenital weakness of the ve- 
nous wall [8]. 

The histological findings in the lung in our 
patient are of interest. The venous wall revealed 
the characteristics of pulmonary venous hy- 
pertension but not those of congenital weak- 
ness of the wall. The arterial wall also revealed 
the typical findings of pulmonary arterial 
hypertension that has been present for long pe- 
riods. A group at the Massachusetts General 
Hospital [10] speculated that with pulmonary 
varices, the massive reservoir of blood in the 
lung gave the pulmonary circulation some pro- 


tection. In our patient, however, even though 
the varices may have acted as a reservoir, their 
function was not sufficient to protect the pul- 
monary circulation from pulmonary hyperten- 
sion. 

From this review of patients with pulmonary 
varices associated with mitral valve disease 
(Tables 1, 2), it is interesting to note that except 
for 3 patients with mitral stenosis, all patients 
had mitral regurgitation associated with pul- 
monary varices of the right lung. The predomi- 
nance of varices of the right pulmonary venous 
system has been explained on the basis of mi- 
tral valve anatomy, its plane directed poste- 
riorly, superiorly, and rightward [15]. Bryk [20] 
reviewed the cases of 50 patients with proved 
mitral regurgitation by left ventricular angiog- 
raphy and found 7 patients with localized dila- 
tation of the central right pulmonary veins. He 
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suggested this dilatation was probably the re- 
sult of chronic regurgitation. 

Because of the limited number of cases re- 
ported, it is difficult to predict the course and 
outcome of patients with pulmonary varices as- 
sociated with mitral valve disease. Among the 
18 patients with pulmonary varices associated 
with mitral valve disease, 9 were followed for 
periods ranging from one to seven years after 
detection of the varices. Seven of these patients 
had mitral regurgitation. In 6 of these 7 patients 
the pulmonary varices enlarged during the 
follow-up period and in the seventh patient it 
was not mentioned if there was a change in 
size. This is different from the findings with 
pulmonary varices in the patients with mitral 
stenosis. The size of their varices remained un- 
changed over periods ranging from five to ten 
years [2, 10]. 

Nine patients, including ours, have under- 
gone operation for mitral valve disease. All ex- 
cept 1 had mitral regurgitation. Mitral valve re- 
placement was performed in 6, repair of the 
mitral valve in 1, repair of the perivalvular leak 
of a prosthetic mitral valve in 1, and mitral 
commissurotomy for mitral stenosis in 1. Re- 
gression of the pulmonary varices after opera- 
tion for mitral regurgitation was satisfactory in 
all patients. For 1 patient, the effect of mitral 
valve replacement on the varices was not men- 
tioned [5]. 

In a patient with pulmonary varices asso- 
ciated with mitral regurgitation, varices may 
enlarge as the mitral valve disease progresses. 
Mitral valve operation should be considered if 
the patient has symptoms caused by mitral re- 
gurgitation. The results after operation for these 
patients will be satisfactory. Direct intervention 
for the varices is not necessary, and most var- 
ices will regress after the mitral regurgitation is 
corrected [9]. The clinical course of patients 
with pulmonary varices associated with mitral 
stenosis is different from that of patients with 
mitral regurgitation. The size of the varices re- 
mained unchanged for many years; one patient, 
following successful mitral commissurotomy, 
was asymptomatic but the varix remained un- 
changed over a four-year period [2]. 
Appreciation is expressed to Dr. Jerome H. Kay of 
Los Angeles, for his help in preparing and reviewing 
this paper. 
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Intraoperative Use of Nifedipine 


for Hemodynamic Collapse Due to Coronary 


Artery 


Spasm Following Myocardial Revascularization 
Gary S. Kopf, M.D., Arthur Riba, M.D., and Rubin Zito, M.D. 


ABSTRACT Sudden hemodynamic collapse in the 
perioperative period following myocardial revas- 
cularization may be due to coronary artery spasm. 
Nitroglycerin has been the standard treatment for 
this; however, it is not always effective, and the re- 
sultant morbidity and mortality are high. We present 
the case of a patient in whom sudden hemodynamic 
collapse due to coronary artery spasm was refractory 
to intravenously administered nitroglycerin but was 
relieved quickly with sublingually administered 
nifedipine. In certain selected patients in whom 
coronary artery spasm is responsible for myocardial 
collapse, the drug nifedipine may be effective in 
relieving this spasm and allowing for myocardial 
recovery. 


Sudden hemodynamic collapse in the imme- 
diate postoperative period following coronary 
operation may in certain cases be due to coro- 
nary artery spasm [1]. Although intravenous 
administration of nitroglycerin has been effec- 
tive in relieving coronary artery spasm in the 
catheterization laboratory, it is not always 
effective postoperatively [2]. Calcium channel 
blocking agents, in particular nifedipine, have 
also been shown to be effective in relieving 
coronary artery spasm [3, 4]. We report the case 
of a patient in whom intraoperative hemody- 
namic collapse due to coronary artery spasm 
was refractory to intravenously administered 
nitroglycerin. The addition of nifedipine 
administered sublingually resulted in prompt 
recovery and a favorable outcome. 


A 50-year-old man was admitted on February 
24, 1981, with unstable angina. He had a his- 
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tory of hypertension and exertional angina be- 
ginning in 1977. Over the last few months the 
frequency and intensity of the episodes of pain 
had increased, including several episodes at 
night. On the day of admission, he experienced 
one hour of severe substernal chest pain at rest, 
which prompted his admission to the hospital. 
At the time of admission, his medications in- 
cluded hydrochlorothiazide, clonidine, and al- 
lopurinol. 

The initial electrocardiogram disclosed T wave 
inversion in the precordial leads (Fig 1, top). 
Administration of propranolol was begun. The 
day after admission, the patient experienced a 
10-minute episode of substernal chest pain at 
rest accompanied by a fall in blood pressure to 
70 mm Hg and development of S-T segment 
elevation in the middle precordial leads. Elec- 
trocardiographic changes resolved after treat- 
ment with nitrates and morphine. Subsequent 
cardiac isoenzymes were negative for MB-CPK 
fraction. The patient was given nitrate oint- 
ment and isosorbide dinitrate (Isordil), and 
propranolol was increased. 

He remained free from pain until March 1, 
when several episodes of intense substernal 
chest pain occurred, which lasted from 3 to 45 
minutes and were accompanied by 15 to 20 mm 
S-T segment elevation in leads I, AVL, and Va 
through V,, with reciprocal profound S-T seg- 
ment depression in the inferior leads (see Fig 1, 
middle). The pain responded to nitrates, mor- 
phine, and intravenously administered nitro- 
glycerin. Clinical course and _ electrocardio- 
graphic changes suggested coronary artery 
spasm. Cardiac catheterization was performed. 
The hemodynamic measurements were normal 
with a left ventricular pressure of 130/10 mm 
Hg, pulmonary artery pressure of 20/10 mm Hg, 
and cardiac output of 6.5 liters per minute. The 
global ejection fraction was 86% with no re- 
gional wall motion abnormalities noted. Coro- 
nary arteriography revealed a 90% tubular 
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Fig 1. Admission (top), intraoperative (middle), and 
postoperative (bottom) electrocardiograms. 


stenosis in the left anterior descending coro- 
nary artery proximal to the origin of the first 
septal perforator and first diagonal branch (Fig 
2). A 40% lesion at the takeoff of a small first 
marginal branch and a 60% tubular stenosis at 
the takeoff of a larger second marginal branch 
were also present. The right coronary artery 
was dominant and demonstrated a 40% lesion 
in its midcourse. Because of the high-grade le- 





Fig 2. Right anterior oblique projection of the left coro- 
nary system showing a high-grade lesion of the prox- 
imal left anterior descending coronary artery, and the 
origin of the second circumflex marginal branch. 


sion of the proximal left anterior descending 
coronary artery and the continued episodes of 
chest pain, despite intravenous administration 
of nitroglycerin, it was decided to proceed with 
coronary bypass. 

On March 4, 1981, the patient underwent 
saphenous vein coronary bypass grafts to the 
left anterior descending and the second cir- 
cumflex marginal coronary arteries. The heart 
was protected with infusion of crystalloid car- 
dioplegia and continuous topical hypothermia 
in the pericardial cavity. The aortic cross-clamp 
time was 22 minutes with a total bypass time of 
50 minutes. The patient came off cardiopulmo- 
nary bypass without difficulty. Hemodynamics 
remained stable, the cannulas were removed, 
and infusion of protamine was begun. Graft 
flows were measured with an electromagnetic 
flowmeter and revealed a flow of 110 ml per 
minute to the left anterior descending coronary 
artery and 60 ml per minute to the second cir- 
cumflex marginal graft. 

Approximately 20 minutes after cessation of 
cardiopulmonary bypass and with the sternum 
still opened, the patient suddenly experienced 
hemodynamic collapse, with severe hypoten- 
sion to 60 mm Hg, associated with S-T segment 
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elevation and intraventricular conduction block 
on electrocardiogram. Direct observation of the 
heart revealed a severe diffuse hypokinesia 
which did not respond to intravenously ad- 
ministered dopamine. Graft flows measured 
during this phase revealed flow in the left an- 
terior descending coronary artery of 35 ml per 
minute and flow to the circumflex marginal 
branch of 20 ml per minute. A high dose of ni- 
troglycerin was given intravenously but with no 
response. The patient was recannulated and 
placed back on cardiopulmonary bypass. An 
intraaortic balloon device was inserted through 
the left femoral artery. After resting the heart 
for 20 minutes, another attempt was made to 
come off cardiopulmonary bypass, but the pa- 
tient remained severely hypotensive with S-T 
segment elevations and diffuse hypocontractil- 
ity despite large doses of inotropic agents as 
well as nitroglycerin administered intraven- 
ously. 

At this point, 10 mg of nifedipine was given 
sublingually. During the next 15 minutes, the 
heart recovered with increasing contractility 
and return of the electrocardiogram to baseline. 
Graft flows were again measured and were 
similar to the initial values obtained. A second 
dose of 10 mg of nifedipine was given 15 min- 
utes later. Over the next half hour inotropic 
support was completely withdrawn, the hemo- 
dynamic situation stabilized on intravenous 
administration of nitroglycerin, and the oper- 
ation was completed. S-T elevation came back 
to baseline. 

The first twenty-four hours of the postopera- 
tive course were characterized by several more 
episodes of transient, but mild, hypotension 
with S-T segment elevations. The patient was 
maintained on intravenously administered ni- 
troglycerin and began receiving 20 mg of 
nifedipine sublingually every eight hours. His 
subsequent course was satisfactory. Intrave- 
nous administration of nitroglycerin was dis- 
continued twenty-four hours after operation. 
The intraaortic balloon was removed on the 
second postoperative day. Oral nifedipine ther- 
apy was continued. The patient subsequently 
made an uneventful recovery and has had no 
chest pain since operation, with a stable elec- 
trocardiogram (see Fig 1, bottom). The post- 


operative electrocardiograms showed no evi- 
dence of infarction. 


Comment 
Sudden cardiovascular collapse in the im- 
mediate postoperative period is an infrequent 
but lethal complication of coronary artery oper- 
ation. Coronary artery spasm may be responsi- 
ble, particularly in those patients in whom 
spasm was demonstrated or suggested pre- 
operatively from characteristic electrocardio- 
graphic changes and history. In such instances, 
the fixed coronary artery disease may be inade- 
quate to explain the degree of global myocardial 
ischemia. Although intravenously adminis- 
tered nitroglycerin in sufficient doses can re- 
verse coronary artery spasm [5], it is not always 
effective and, in the perioperative setting, 
mortality is high [6]. Nifedipine, a calcium 
channel blocker, has also been shown to be 
effective in relieving coronary artery spasm [8]. 
Unlike nitrates, nifedipine prevents smooth 
muscle contraction by inhibiting the inward 
calcium current during depolarization, thereby 
preventing excitation contraction coupling. 
Given by intracoronary injection, nifedipine 
has been shown to relieve coronary spasm 
promptly and appears to have a selective effect 
on the coronary smooth muscle. It is rapidly ab- 
sorbed if administered sublingually, with the 
onset of action within 3 minutes [7]. Given 
sublingually in the operating room or in the 
intensive care unit, its effect can be seen within 
minutes. Since its mechanism of action is dif- 
ferent from nitroglycerin, the two may be used 
together with additive effects. The initial unre- 
sponsiveness of our patient to intravenous 
doses of nitroglycerin, and the subsequent im- 
provement when nifedipine was added sublin- 
gually, suggest that nifedipine may have played 
a role in the relief of coronary artery spasm, al- 
lowing the myocardium to recover. The sys- 
temic hemodynamic effect of this dose of 
nifedipine is small, and the selective effect on 
the coronary vasculature may be of great benefit 
during coronary artery spasm. Although in- 
travenously administered nifedipine may be 
even more effective, the solution is extremely 
unstable. 

In selected patients, hemodynamic collapse 
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secondary to coronary artery spasm may be re- 
lieved by the use of sublingually administered 
nifedipine. Used in conjunction with intrave- 
nous administration of nitroglycerin, it can have 
an additive effect. In the patient with cardiac 
failure secondary to coronary artery spasm, 
which is unresponsive to nitroglycerin given 
intravenously, the addition of nifedipine sub- 
lingually may help relieve spasm and allow for 
myocardial recovery in an otherwise lethal situ- 
ation. 


Editor’s Note 

Coronary artery spasm is being recognized more and 
more often, and reports describing it are starting to 
appear in the thoracic surgical literature. 
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The Flat Trachea: 


A Cause of Tracheal Obstruction 
and Its Surgical Management 


John A. Waldhausen, M.D., David Kastl, M.D., 
Michael A. Orsini, M.D., and George H. Conner, M.D. 


ABSTRACT Tracheal obstruction requires aggres- 
sive evaluation to determine the cause and possible 
correction. An unusual presentation in an adult man 
with a primary tracheal malformation is described. 
Surgical reconstruction was performed, utilizing 
Erich dental arch bars for external stenting. The re- 
sults were excellent. To our knowledge, the proce- 
dure discussed has not been described and may be 
applicable elsewhere in tracheal reconstructive pro- 
cedures, 


Obstruction of the trachea in adults is usually 
due to intrinsic benign or malignant tumors, 
strictures following infection, posttraumatic 
stenosis, or external compression from goiters 
or tumor masses in the mediastinum [1]. In 
general, congenital tracheal malformations are 
seen only in infants. Tracheomalacia, or loss of 
cartilaginous support, is usually secondary to 
inflammation. Tracheomalacia is seen in adults 
following prolonged intubation [1], and in in- 
fants with external compression of the trachea 
by a vascular ring or bronchogenic cyst [2]. We 
describe a tracheal anomaly that, to our knowl- 
edge, has not been reported in the English- 
language literature. In addition, a method for 
surgical correction is described. 


. A 55-year-old man was admitted to The Milton 
S. Hershey Medical Center on May 5, 1980. He 
was seen with severe air hunger and inspira- 
tory stridor. Only upright posture and head ex- 
tension gave any form of relief. History re- 
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vealed he had had mild asthma problems as a 
child, which persisted into adult life. Military 
service was denied because of the asthma con- 
dition. He was admitted to the local hospital on 
two occasions for “asthma, emphysema, and 
bronchitis” with little response to medical 
therapy. 

An intermittent positive-pressure breathing 
apparatus was purchased for home use which 
gave some relief during acute bouts of dyspnea; 
however, labored breathing had become a 
progressive and daily problem. Sleeping be- 
came impossible in the supine position, re- 
sulting in orthopnea and opisthotonic posi- 
tioning for comfort. Multiple weekly visits to 
the local emergency room resulted only in his 
being labeled a “psychosomatic complainer.” 
He had become totally disabled secondary to 
the pulmonary disorder. 

During the year prior to the current admis- 
sion, progressive anorexia also developed, with 
a 25 kg weight loss. The patient denied hoarse- 
ness, coughing, and throat or chest pain. He 
had a 20-year history of cigarette smoking prior 
to 1964 when he terminated this habit. The pa- 
tient received general anesthesia and tracheal 
intubation in 1975 for an inguinal hernior- 
rhaphy. No problems were reported related to 
the intubation. Medications on that admission 
included tetracycline, aminophylline, terbuta- _ 
line, and prednisone. 

Examination of the patient on admission re- 
vealed a respiratory rate of 32 with severe la- 
bored inspiratory stridor. He was found to be 
cachectic but showed no signs of clubbing or 
cyanosis. He was afebrile. Indirect laryngos- 
copy revealed a normal larynx. Examination of 
the chest showed gross muscular inspiratory 
retraction and severe high airway obstructive 
sounds. No peripheral rales or rhonchi were 
heard. Mild diffuse basilar wheezes were noted 
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Pulmonary Function Studies 





Measurement Predicted 


Slow vital capacity (ml) 4,060 
Forced vital capacity (ml) 4,060 
FEV1 


As % of FVC 70 

As ml 3,260 
FEV3 

As % of FVC 97 

As ml 3,930 
FEF25-75% 3,230 
FEF50% 5,160 
MVV (ml) 147 








Preoperative Postoperative (1 year) 
Percent Percent 
Observed Predicted Observed Predicted 
2,580 63 ise Srt 
2,570 63 3,480 85 
32 oe 62 cms 
840 25 2,190 67 
60 nan 91 er 
1,560 39 2,170 80 
300 1,350 41 
410 7 2,030 39 
26 17 84 57 





FVC = forced vital capacity; FEV1 = forced expiratory volume in one second; FEV3 = forced expiratory volume in three 
seconds; FEF25—75% = mean forced expiratory flow during the middle half of the FVC; FEF50% = instantaneous forced 
expiratory flow after 50% of the FVC has been exhaled; MVV = maximal voluntary ventilation. 





Fig 1. Preoperative lateral tomogram of trachea show- 
ing marked narrowing anteriorly. 


bilaterally. The remainder of the physical ex- 
amination was unremarkable. 

At the time of admission arterial blood gases 
on room air were pH, 7.39; partial pressure of 
carbon dioxide, 41.4 mm Hg; and partial pres- 
sure of oxygen, 72 mm Hg. Pulmonary function 
studies showed obstruction of both large and 
small airways (Table). 

An admission chest roentgenogram revealed 
marked narrowing of the distal trachea on lat- 
eral projection. The narrowing of the tracheal 
airway began at the thoracic inlet and extended 
distally for a distance of approximately 6 cm. 
The lumen was constricted to 3 mm at its nar- 
rowest point compared with a normal lateral 
diameter of 2.5 cm. The posteroanterior pro- 
jection appeared normal except for the pres- 
ence of an azygos lobe. Lateral tracheal tomo- 
grams showed apparent extrinsic compression 
of the anterior thoracic trachea (Fig 1). A four- 
vessel aortic arteriogram disclosed no vascular 
anomalies. Results of thyroid scan were normal. 
The working diagnosis at this point was a 
mediastinal tumor with extrinsic tracheal com- 
pression. 

Operative intervention was planned with 
cardiopulmonary bypass standby should tra- 
cheal intubation become a problem. Intuba- 
tion was easily achieved, and the endotracheal 
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tube acted as a stent within the previously 
flattened trachea. A median sternotomy inci- 
sion was made. The entire anterior mediasti- 
num was dissected meticulously, and no mass 
lesion was identified. No evidence of fibrosing 
mediastinitis was found. The trachea disclosed 
a concave pattern in the anterior portion of the 
tracheal rings rather than the normal convex con- 
figuration (Fig 2A). The tracheal defect involved 
nine distal rings (8 cm) with maximum com- 
pression in rings four through seven. The 
membranous trachea was normal. The involved 
cartilagenous rings were incised and everted to 
a normal position and supported with three 
Erich dental arch bars sutured to the trachea 
with 1-0 Prolene sutures (Fig 2B-F). Opera- 
tive bronchoscopy disclosed a widely patent 
tracheal lumen at the completion of the recon- 
structive procedure. 

The postoperative course was uneventful, 
and lateral tracheal tomograms demonstrated 
substantial widening of the tracheal lumen. 
Four months after repair, rigid bronchoscopy 
demonstrated a widely patent tracheal lumen. 
One year postoperatively, the patient was 
steadily employed and had gained 25 kg to a 
normal weight for age and height. He had no 
further respiratory complaints, and pulmonary 
function testing showed marked improvement 
(Table). 


Comment 

No obvious cause could be found to explain the 
tracheal malformation in this adult. The anom- 
aly most likely was a congenital lesion rather 
than an acquired one and probably had been 
present throughout childhood. A plausible ex- 
planation is primary tracheomalacia. In this 
condition, extreme compliance of the tracheal 
wall during inspiration and expiration will col- 
lapse the normally rigid anterior tracheal wall. 
This flexibility would allow considerable varia- 
tion in the tracheal luminal diameter as related 
to the changes in intrathoracic pressure. As the 
patient progressed into his adult years, a nor- 
mal increase in the rigidity of the collagenous 
rings occurred. In this particular instance, the 
anterior trachea was invaginated into the 
tracheal lumen. Thus, as the compliance de- 


creased with less flexibility, the anterior wall 
became a permanent tracheal obstruction. 
Eventually, a life-threatening situation de- 
veloped requiring emergent operative inter- 
vention. 

Exploration revealed a primary tracheal mal- 
formation. The anterior medial section of the 
thoracic tracheal rings was invaginated into the 
lumen (see Fig 2A). Although the invaginated 
section was compliant, it was positionally 
fixed. When the rings were evaginated to a 
normal position, they quickly recoiled to their 
original deformed shape. 

Options for surgical correction consisted of 
resecting the involved malformed trachea with 
either a primary anastomosis or insertion of a 
tracheal prosthesis. Primary anastomosis would 
have proved impossible, even with adequate 
mobilization of the trachea, because of the great 
length of tracheal involvement [3]. The long- 
term outlook with tracheal prosthetics is also 
poor [4]. 

Overall, tracheal resection seemed too radical 
for what was otherwise a normal trachea. It was 
elected to incise the invaginated rings sharply 
(see Fig 2B) using a scalpel blade without 
entering the tracheal lumen. This procedure al- 
lowed pliability and additional compliance to 
the concave rings, permitting their evagination 
and widening of the tracheal lumen. 

Erich dental arch bars used for oral recon- 
structive procedures were employed to support 
the newly created reversed-U form (see Fig 2D, 
E). These malleable strips of stainless steel were 
fashioned into the appropriate shape and their 
sharp ends covered with Silastic tubing so they 
would not erode into vital structures such as the 
esophagus. Fine-gauge stainless steel wire or 
Prolene was used to suture the arch bars to 
the tracheal rings. Sutures were meticulously 
placed so as not to penetrate the tracheal lu- 
men but to stay between the rings and the 
epithelium. 

During the procedure, a flexible broncho- 
scope was inserted parallel to the endotracheal 
tube. This allowed one of us (G.H.C.) to check 
for an adequate luminal diameter and assure 
that luminal integrity was maintained during 
placement of the arch bar sutures. Mediastinal 
soft tissue was interposed between the innomi- 
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Fig 2. (A) Exposure through a median sternotomy shows 
the flat trachea with collapse of the C cartilages. (a. = 
artery; v. = vein.) (B) The tracheal rings are incised. 
(C) The normal tracheal cross-sectional outline is re- 
stored. Dental arch bars (D) are sutured to the trachea 
(E) to support the wall. (F) The restored trachea. 
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nate artery and the arch bars to prevent erosion 
of the artery by the bar (see Fig 2F). 

This technique of operative correction for the 
described tracheal malformation proved very 
successful in our patient. It is simple, allowing 
only structural changes in the tracheal wall. The 
lumen is not entered nor is the vascular supply 
threatened. In addition, no anastomosis is nec- 
essary with its related complications of suture- 
line ‘breakdown, suture granulomas, and re- 
stenosis. This form of surgical repair may prove 
effective in other tracheal malformations, either 
primary or secondary in nature. 


rico} 
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Subacute Bacterial Endocarditis 
and Complete Endocardial Cushion Defect 


Edward L. Bove, M.D., Rae-Ellen W. Kavey, M.D., 
Henry M. Sondheimer, M.D., and Frederick B. Parker, Jr., M.D. 


ABSTRACT Subacute bacterial endocarditis in- 
volving the common atrioventricular (AV) valve is a 
rare complication of complete endocardial cushion 
defect. This report describes our experience with an 
18-year-old patient who was seen with this problem. 
Diagnosis was established by two-dimensional echo- 
cardiography. The operative findings and tech- 
nique of repair are described. We believe this to be 
among the first successful reports of complete repair 
of active endocarditis involving the common AV 
valve in this congenital anomaly. 


Bacterial endocarditis involving the common 
atrioventricular (AV) valve in complete endo- 
cardial cushion defect is a rare problem. Al- 
though endocarditis is well recognized in chil- 
dren with congenital heart disease [1, 2], we are 
not aware of any reports of successful surgical 
intervention in complete endocardial cushion 
defect complicated by bacterial endocarditis. 
We present our experience with a patient who 
was seen in severe congestive heart failure with 
extensive infection involving the common AV 
valve. 


An 18-year-old black woman became ill six 
months before admission, with intermittent 
fever, malaise, and weight loss. A family physi- 
cian noted an enlarged heart and prescribed di- 
goxin, furosemide (Lasix), and oral penicillin. 
On admission to Upstate Medical Center, 
physical examination revealed an ill-appearing, 
noncyanotic young woman. Pulse was 112 beats 
per minute and blood pressure, 94/56 mm Hg. 
Auscultation revealed diffuse rales bilaterally. 
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A grade 3/6 holosystolic murmur was heard, 
loudest at the apex, with a grade 2/6 apical 
diastolic murmur. The liver was 4 cm below the 
right costal margin. The spleen tip was palpable 
at the left costal margin. No petechiae or splin- 
ter hemorrhages were noted. Chest roentgen- 
ogram (Fig 1A) showed cardiomegaly and pul- 
monary edema. Electrocardiogram showed 
marked right-axis deviation with biventricular 
hypertrophy, frequent atrial premature con- 
tractions, and first-degree heart block. Mul- 
tiple blood cultures grew a-hemolytic strep- 
tococcus. Two-dimensional echocardiogram 
(Fig 2) revealed the diagnosis—complete endo- 
cardial cushion defect with large vegetations 
on the common leaflets. 

The patient was treated initially with penicil- 
lin and gentamicin; there was some improve- 
ment. On the tenth hospital day, she experi- 
enced a sudden dense left hemiplegia. Com- 
puterized tomographic scan was consistent 
with a right frontal hemorrhagic infarct and dif- 
fuse small left hemispheric infarcts, suggesting 
multiple emboli. Repeat 
echocardiogram (Fig 3) demonstrated enlarge- 
ment of the vegetations with marked move- 
ment the left ventricular outflow 
tract and aortic valve with each ventricu- 
lar systole. Dopamine was begun for progres- 
sive hypotension and worsening congestive 
heart failure in association with rapidly pro- 
gressive central nervous system deterioration. 
An emergency operation was performed. 

The heart was exposed through a median 
sternotomy. A large pericardial effusion was 
evacuated. Intracardiac pressures prior to es- 
tablishing cardiopulmonary bypass are shown 
in the Table. Oxygen saturations demonstrated 
a significant step-up from 54% in the right atri- 
um to 66% in the pulmonary artery. Bypass was 
initially established with a single atrial cannula 
in order to minimize manipulation of the heart. 
A vent was placed in the left atrium while the 


two-dimensional 


toward 
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Fig 1. (A) Preoperative chest roentgenogram demon- 
strating cardiomegaly and pulmonary edema. (B) Post- 
operative chest roentgenogram demonstrating the two 
prosthetic valves. The heart size is markedly reduced. 





Fig 2. Two-dimensional echocardiogram in the apical 
four-chamber view. Dense vegetations appear on both 
sides of the common atrioventricular valve (solid ar- 
rows). The open arrow indicates the large ventricular 
septal defect. (RV = right ventricle; LV = left ventri- 
cle; RA = right atrium; LA = left atrium; avv = 
atrioventricular valve.) 


Fig 3. Two-dimensional echocardiogram in the long-axis 
view demonstrating the large vegetation on the anterior 
bridging leaflet (solid arrow). In real time, the vegeta- 
tion could be seen swinging into the left ventricular 
outflow tract. (LV = left ventricle; Ao = aorta.) 
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Intraoperative Pressures* 








Pressure Before After 
(mm Hg) Bypass Bypass 
RA 28 4 
LA 28 15 
RV 60 60 

LV 60 115 

PA 60 60 
Aorta 60 115 





RA = right atrium; LA = left atrium; RV = right ventricle; 
LV = left ventricle; PA = pulmonary artery. 


“Pressure of the RA and LA reported as mean pressure; 
all others are peak systolic. 


Fig 4. (A) Anatomy as seen through the right atriotomy. 
Extensive vegetations are present on the anterior and 
posterior bridging leaflets as well as the right lateral 
leaflet of the common atrioventricular valve. (B) The 
common atrioventricular valve has been excised. The 
ventricular septal defect has been repaired, and the mi- 
tral prosthesis is in position. The rim of the atrial sep- 
tum has been incised to enlarge the left atrium. (C) The 
tricuspid prosthesis is in place, and the atrial portion of 
the defect has been closed with a second patch. The 
coronary sinus has been diverted to the left atrium. 






Mi) 


SW 
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perfusate temperature was lowered to 20°C. The 
ascending aorta was then clamped, and venous 
drainage was converted to bicaval cannulation 
during a short period of circulatory arrest. Car- 
dioplegic solution was administered through 
the aortic root. 

A right atriotomy was performed, and the 
diagnosis of complete endocardial cushion de- 
fect with extensive vegetations involving the 
common AV valve was confirmed (Fig 4A). In- 
fection also involved the rim of atrial septum. 
The common AV valve was excised in its en- 
tirety. The involved portion of atrial septum 
was removed also. Repair was accomplished by 
closing the ventricular component of the defect 
with a large Dacron patch using interrupted 4-0 
synthetic sutures buttressed with Teflon felt. A 
No. 27 Carpentier-Edwards bioprosthesis was 
inserted into the mitral annulus and to the Da- 
cron patch along the top of the prosthetic sep- 
tum (Fig 4B). A No. 25 Carpentier-Edwards 
bioprosthesis was then placed into the tricus- 
pid position, with the sutures along the pros- 
thetic septum just above the mitral attachment. 
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This allowed large prostheses to be inserted 
without distorting the annulus. The left atrium 
was enlarged by incising the septum to the 
right and placing a second Dacron patch to 
close the resultant defect (Fig 4C). Total cross- 
clamp time was 163 minutes. Defibrillation was 
accomplished, and the patient resumed nor- 
mal sinus rhythm. After rewarming, the patient 
was weaned from cardiopulmonary bypass 
without inotropic support. Repeat pressures 
are shown in the Table. 

The postoperative course of the patient was 
marked by gradual resolution of congestive 
heart failure (Fig 1B) and rapid ‘neurological 
improvement. She remained afebrile without 
signs of further emboli. Only a mild left 
hemiparesis remained at the time of discharge 
two weeks following operation. 


Comment 

The case of this patient demonstrates a rare 
complication of complete endocardial cushion 
defect. The patient was never evaluated for the 
cardiac murmur and, although 18 years of age, 
remained operable without fixed pulmonary 
vascular occlusive disease. The extensive infec- 
tion on the common AV valve obviously pre- 
cluded any attempt at preserving valve tissue 
and made double-valve replacement necessary. 
Placement of large prosthetic devices was 
facilitated by inserting the tricuspid prosthesis 


slightly above the mitral one and further en- 
larging the left atrium with a second patch. 
This patient did not undergo cardiac cathe- 
terization before operation. Two-dimensional 
echocardiography conclusively demonstrated 
the diagnosis of complete endocardial cush- 
ion defect with vegetations on the common 
leaflets, and catheter manipulation was deemed 
hazardous. Because the patient was acyanot- 
ic and there was an appearance of left-to-right 
shunting on roentgenograms, fixed pulmonary 
vascular occlusive disease was considered 
unlikely. Although valve replacement during 
tepair of complete endocardial cushion defect 
has been reported previously [3, 4], we believe 
this to be among the first reports of double- 
valve replacement ‘for bacterial endocarditis 
complicating this congenital anomaly. 
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THORACIC SURGERY QUIZ 


These questions and the answers and discussions on p 476 
were submitted by Richard J. Cleveland, M.D., Division 
of Cardiothoracic Surgery, New England Medical Cen- 
ter Hospital, 171 Harrison Ave, Boston, MA 02111. 
Thoracic Surgery Quiz is edited by Hassan Najafi, M.D. 


DIRECTIONS: Select the most appropriate of the 
five answers following each of these questions. 
(Answers and discussions appear on p 476.) 


All of the following statements concerning 
management of a child with a ventricular 
septal defect are correct EXCEPT: 


. When the pulmonary to systemic flow ratio 


is 0.9 to 1, the patient is not considered a 
candidate for surgery. 

The surgical approach for closure of a sub- 
cristal ventricular septal defect may be 
through the right atrium, the right ventricle, 
or both. 


. A right ventriculotomy incision may pro- 


duce a right bundle-branch block pattern on 
the electrocardiogram. 


. A posterior ventricular septal defect cannot 


`- be approached through the right atrium. 


aan 


After an episode of subacute bacterial en- 
docarditis, a ventricular septal defect should 
be closed regardless of the size of the left- 
to-right shunt. 


Which of the following statements con- 


cerning patent ductus arteriosus is not cor- 
rect? 


. Spontaneous closure of a patent ductus ar- 


teriosus after 1 year of age is rare. 


. A calcified patent ductus arteriosus in the 


adult may require cardiopulmonary bypass 
for safe repair. 


. Subacute bacterial endocarditis occurs in 


approximately 5% of surgically untreated | 
patients. 


. The causes of pulmonary hypertension in- 


clude excessive blood flow and chronic al- 
veolar hypoxia resulting from this conges- 
tion. 


. Evidence of arterial oxygen desaturation is a 


contraindication to elective surgical closure. 


. Which of the following is not a radiological 


finding that assists in the diagnosis of 
coarctation of the aorta? 


. A notched impression on the left lateral 


border of the aorta in a frontal view 


. Evidence of ectasia of the left subclavian 


artery 


. Visualization of the medial and anterior 


borders of the aortic arch on barium 
esophagography 


. A retrosternal clear space on a true lateral 


roentgenogram 


. Bilateral symmetrical notching of posterior 


ribs 3 to 7 


HOW TO DO IT 


An Improved Method 


for Collection of Shed Mediastinal Blood 


for Autotransfusion 


L. Dieter Voegele, M.D., Gabrielle Causby, C.C.R.N., 
Thomas Utsey, C.C.P., William H. Prioleau, Jr., M.D., 


and Peter Hairston, M.D. 


ABSTRACT A standard method for collection of 
shed mediastinal blood has been modified to incor- 
porate underwater-seal drainage and manometer- 
controlled suction through the chest catheter. This 
method is useful for autotransfusion of shed me- 
diastinal or thoracic blood following cardiac sur- 
gical procedures. 


Autotransfusion of shed mediastinal blood fol- 
lowing cardiac surgical procedures has been 
shown to be a simple, clinically safe, and cost- 
effective method of reducing homologous blood 
transfusion requirements [1, 2]. The commer- 
cially available Sorenson autotransfusion sys- 
tem (ATS)* was adapted for intraoperative 
transfusion by Noon and co-workers [3]. Sub- 
sequently it was modified by Brawley and col- 
leagues for postoperative collection and re- 
infusion of shed mediastinal blood [2]. This 
autotransfusion system was designed to be used 
with an Emerson pump or with straight wall 
suction. However, there remained two unde- 
sirable features: (1) neither the Emerson pump 
nor the wall suction provides underwater-seal 
drainage, which we think is essential in the 
presence of communication between the pleural 
cavities, mediastinum, and ambient environ- 
ment; and (2) neither the Emerson pump nor 
the wall suction is very reliable for delivering 
regulated low suction (less than 40 mm Hg). 
The method and the apparatus outlined allow 
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the application of regulated underwater-seal 
drainage and preservation of sterility in the 
collection system by means of a one-way valve 
in the suction line. 


Technique 
The basic collection unit consists of a reusable 
rigid canister, part of the Sorenson ATS, into 
which is placed a sterile, disposable Sorenson 
trauma liner (Figure). In the operating room, 
before connecting the patient’s drainage tube to 
the sterile liner, we insert the liner into the 
canister and securely fasten the liner top to the 
canister. On the side of the canister is a T-valve, 
one end of which is open. Suction (from any 
source) is applied to the open end of the T- 
valve, creating a negative pressure within the 
canister which allows the liner to expand and 
conform to the shape of the canister. Then, the 
suction is removed and the open end of the 
T-valve is capped with the L-shaped adapter 
end of the tubing, resulting in a loop on the 
side of the canister (see Figure). The liner will 
remain expanded and is ready to accept the con- 
nection with the patient’s tubes. The thoracot- 
omy and mediastinal tubes from the patient 
may be connected with a Y-adapter to a section 
of latex tubing (this may be used for “strip- 
ping”), which is then’ connected to the pa- 
tient port of the sterile liner. The patient is 
transported to the intensive care unit where the 
suction source is connected to the sterile spacer 
on the end of the suction port tubing. Our suc- 
tion source is an Ohio combination manometer 
+ underwater seal*—-with a one-way Heimlich 
valve’ incorporated in the suction tubing. The 
unit is now ready for collection of shed blood. 


« es : 


*Ohio Medical Products, Madison, WE: 7 
*Bard Parker, Division of Becton, Dickinson and Company, 
Rutherford, NJ. 
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Fig 1. Modified autotransfusion collection system. 
(H-valve = Heimlich valve.) 


Comment ; 

Postoperative salvage and reinfusion of defi- 
brinogenated, unheparinized blood from pleu- 
ral and mediastinal cavities has been demon- 
strated to be safe and easily performed [4, 5]. 
The Sorenson autotransfusion device repre- 
sents a simple, safe, and reliable method for 
the harvesting of shed blood and its reinfusion. 
However, neither the Emerson pump nor the 
wall suction provides. underwater-seal drain- 
age, which may be desirable when there are 
chest tubes placed with access to the pleural 
cavities, particularly since many patients un- 
dergoing a cardiac operation are extubated sev- 
eral hours before the mediastinal or pleural 
tubes are removed. In addition, the underwater 
seal provides a means of detecting any pleural 
air leaks that may have developed. Finally, it 
gives protection in the event that the suction 
source is inadvertently interrupted. Wall suc- 
tion is difficult to regulate, particularly at levels 


that are less than 40 mm Hg, and there are fre- 
quent variations and surges in the vacuum 
levels. The Ohio combination water manometer 
+ underwater seal is a compact, simple-to-use, 
low-maintenance device that incorporates these 
two features. 

This modification, however, still left one un- 
desirable feature in the system. Theoretically, 
the patient could exert sufficient negative pres- 
sure on the system when coughing or when 
chest tubes were being stripped to draw water 
from the underwater-seal compartment of the 
Ohio device, down the suction tube, and past 
the sterile spacer, and contaminate the liner and 
its contents. To eliminate this problem, we in- 
corporated a one-way Heimlich valve in the 
suction tubing between the Ohio device and 
the sterile spacer connection. These valves are 
inexpensive and reusable. 

This modified apparatus has given us a safe, 
simple, and cost-effective technique for. the 
postoperative collection and reinfusion of shed 
mediastinal blood. The modifications outlined 
provide additional safety to the patient and 
have increased the capability of the system to 
include its use in open thoracic operations. 
These advantages are realized without signifi- 
cantly increasing the cost or complexity of the 
system. 
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Median Sternotomy T Incision 
for Thymectomy in Myasthenia Gravis 


J. I. Miller, M.D., K. A. Mansour, M.D., 
and C. R. Hatcher, Jr., M.D. 


ABSTRACT Controversy exists over the surgical 
approach for thymectomy for myasthenia gravis. 
Opinion is divided between transcervical thymec- 
tomy and transsternal thymectomy performed 
through a median sternotomy. A technique that 
combines the advantages of a small, cosmetic T inci- 
sion with good visualization through a partial ster- 
notomy is presented. We have utilized this tech- 
nique in more than 35 patients during the past ten 
years with excellent results. 


The technique of surgical removal of the 
thymus gland in the patient with myasthenia 
gravis is a matter of debate. Some surgeons ad- 
vocate the transcervical approach because of the 
simplicity of the procedure and reduced mor- 
bidity [1, 2]. However, because of differences in 
anatomical configuration, it may be impossible 
to. completely remove the thymus gland by this 
approach in up to 60% of patients [3]. The al- 
ternative to transcervical thymectomy is to 
perform the procedure through a sternal- 
splitting incision (median sternotomy), either 
partial or full. The’ majority of surgeons tend to 
favor the transsternal approach because ‘of bet- 
ter exposure, permitting total removal of the 
gland [4, 5]. 

We believe that the optimum surgical ap- 
proach to the thymus gland is through a 
sternal-splitting incision. For the past ten years 
we have performed thymectomy through a 
small sternal T incision. It provides excellent 


cosmetic results because the incision is small . 


and, at the same time, allows for complete re- 
moval of the thymus gland through a sternal- 
splitting incision. 
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Technique 

A sternal T incision is performed as follows (Fig 
1): A transverse incision 5 cm long is made 
over the sternum at the level of the second cos- 
tal cartilage. The incision begins in the midline 
of the sternum, and extends 2.5 cm in each di- 
rection out over the second costal cartilage. The 
vertical limb of the T is then performed by be- 
ginning at the midline of the horizontal T and 
extending the incision inferiorly for 7 to 8 cm. 
The lower end of the incision will thus be at the 
lower level of the fourth costal cartilage, which 
is the inferior border of the thymus gland in the 
usual anatomical configuration. 

A superior skin flap consisting of skin and 
subcutaneous tissue is raised with the aid of the 
electric cautery to the level of the suprasternal 
notch. The sternum is split with a Sarns saw to 
the level of the fourth costal cartilage. An ap- 
propriate small chest retractor is placed, and 
the exposure is as shown in Figure 2. Total 





Fig 1. T incision for thymectomy: 5.08 cm transverse 
bar and 7,62 cm vertical limb to level of fourth costal 
cartilage. Sternum is divided (dashed line) from notch 
to fourth costal cartilage. 
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Fig 2. Exposure of thymus gland through partial ster- 
notomy after small retractor is in place, 


thymectomy can then be carried out in the 
usual fashion, including removal of all acces- 
sory thymic tissue extending into the neck or 
pleural cavity, or inferiorly into the medias- 
tinum. 

On completion of the thymectomy, a small 
hemovac drain is left in the mediastinum. If the 
pleural cavity was entered and brought out 
through a separate stab wound, a small No. 20 
chest tube is left in place. The sternum and 


muscles are closed in the usual fashion and the 
skin, subcuticularly. 


Comment 

We believe that the approach described here 
offers the advantages of a small skin incision 
and excellent cosmetic results while allowing 
total removal of the thymus through a sternal- 
splitting approach. We have utilized this ap- 
proach in more than 35 patients with no mor- 
tality and minimal complications. 
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STATEMENT 


Proposed Statement on Perfusionist Affairs 


The American Association for Thoracic Surgery 


and The Society of Thoracic Surgeons 


The American Association for Thoracic Surgery 
and The Society of Thoracic Surgeons: 


1. Encourage and support the efforts of the 
organized bodies of extracorporeal technolo- 
gists to improve the quality of education for 
perfusionists and to promote research and con- 
tinuing education to ensure high standards 
of practice as well as the safety of patients un- 
dergoing extracorporeal circulation. 

2. Welcome the opportunity to participate on 
the Medical Advisory Board of the American 
Society of Extracorporeal Technology as mem- 
bers of the Joint Review Committee for Per- 
fusionists of the Council on Allied Health Edu- 
cation and Accreditation (CAHEA) and as 
members of the Board of Governors of the 
American Board of Cardiovascular Perfusion. 

3. Endorse the formulation of the Coor- 
dinating Committee for Perfusionist Affairs 
and hope that this group may play an active role 
in coordinating the efforts of physician and ex- 
tracorporeal technologist organizations. 

4. Expect the American Board of Cardiovas- 
cular Perfusion to divest itself as an accrediting 
body for training programs. The American As- 
sociation for Thoracic Surgery and The Society 
of Thoracic Surgeons believe that accreditation 
of all training programs for extracorporeal 
technologists should be performed by the Joint 
Review Committee for Perfusionists, which has 
been established by CAHEA, or an equivalent 


accrediting organization that can carry out 
evaluation of training programs in an efficient 
manner and in a timely fashion. 

5. Believe that until such a time as there are 
adequate numbers of approved training pro- 
grams for extracorporeal technologists in the 
United States to assure that the manpower 
needs for extracorporeal circulation are ade- 
quately met, the examination for voluntary cer- 
tification by the American Board of Cardio- 
vascular Perfusion must not be restricted to 
graduates of “approved” training programs. Can- 
didates presenting themselves for certification 
should be accepted for the examination process 
based on the length and adequacy of the indi- 
vidual’s training. The sole criterion of gradua- 
tion from an “approved program” should not 
be used until a sufficient number of programs 
have been certified. , 

6. Specifically encourage qualified institu- 
tions to initiate training programs for extracor- 
porezal technologists, approved by CAHEA or 
an equivalent accrediting organization, to en- 
sure sufficient numbers of extracorporeal tech- 
nologists for the future. 

7. Restate that the ultimate responsibility for 
the conduct of a surgical procedure requir- 
ing cardiopulmonary bypass resides with the 
physician or surgeon in charge. 


THORACIC SURGERY QUIZ: ANSWERS 


1. Answer D 

This answer describes the development of Eisenmenger’s 
complex with reversal of the shunt to a right-to-left conduit 
secondary to the increase in pulmonary vascular resistance. 
Surgical therapy should be undertaken early enough in the 
patient’s course to prevent permanent elevations in the 
pulmonary vascular resistance. In the past, pulmonary 
artery banding was advocated to protect the pulmonary 
vasculature from high pulmonary blood flow. Difficulties 
related to removing the band, the need for pulmonary ar- 
terioplasty, and the palliative nature of the surgery have led 
many to advocate primary closure of the ventricular septal 
defect in infancy. The risk of total repair in infancy is now 
no greater than that of pulmonary artery banding plus later 
ventricular septal defect closure. New techniques of car- 
diopulmonary bypass and deep hypothermia have made 
this possible. 

The surgical approach for a posterior ventricular septal 
defect is through the right atrium with retraction of the 
tricuspid valve. A type III ventricular septal defect may be 
closed from the right atrium, the right ventricle, or both. A 
right ventriculotomy frequently results in a right bundle- 
branch block pattern in the postoperative electrocardio- 
gram. Recent advances in electrophysiological technique 
now allow one to specifically avoid injury to the intracardiac 
conduction system or, if abnormalities develop, to localize 
the site of injury. 

The development of subacute bacterial endocarditis re- 
quires closure of the ventricular septal defect, regardless of 
the size of the left-to-right shunt. Normally, patients having 
ventricular septal defects with a shunt in which the 
pulmonary-to-systemic flow ratio is greater than 2 to 1 are 
considered candidates for surgery. 
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2. Answer C 

Pulmonary hypertension is caused by excessive blood flow 
and the chronic alveolar hypoxia, due to vasoconstriction of 
the pulmonary arterioles, that results from this congestion. 
The increased flow must be both extreme and sustained. 
Intimal proliferation and the changes ultimately seen in the 


ATA 


pulmonary arterioles of a thickened media actually cause 
the increase in pulmonary vascular resistance. 

Closure after 1 year of age is rare, particularly in the 
full-term infant. In the premature infant with persistent 
ductus arteriosus, closure occurs within a few months in 
more than 75% of patients. The occurrence of subacute 
bacterial endocarditis in patients with this lesion appears to 
be quite low—approximately 0.5%. 

Surgical closure of patent ductus arteriosus is the treat- 
ment of choice to prevent complications. The operation 
should be carried out as an elective procedure as soon as it 
is convenient after the patient is 6 months old. In premature 
infants or in full-term infants in whom congestive heart 
failure is present and cannot se controlled by conservative 
medical management, earlier surgical closure is indicated. 
In adults who have persistent patent ductus with associated 
pulmonary artery hypertension, some degree of increased 
pulmonary vascular resistance, or calcification of the duc- 
tus, it may be prudent to perform this operation using 
standby or, in selected patients, actual cardiopulmonary 
bypass. 
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3. Answer D 
The classic roentgenographic changes that permit a diag- 
nosis of coarctation of the aorta are due to abnormalities of 
the aortic arch and the descending aorta. Traction by the 
ligamentum arteriosus frequently causes a notch or impres- 
sion on the left lateral border of the aorta in the frontal view. 
This finding, in combination with an ectatic origin of the 
left subclavian artery above and poststenotic dilatation 
below the coarctated segment, gives the impression of the 
so-called double aortic knob or figure-3 sign to the left aor- 
tic border. Furthermore, the medial and anterior borders of 
the aortic arch can be visualized by their impression on the 
barium-filled esophagus. Important radiographic indicators 
of increased collateral flow around the coarctated aortic 
segment include notching of the posterior ribs from en- 
larged intercostal vessels and a prominent retrosternal 
internal mammary vessel seen in the true lateral chest 
roeentgenogram. The diagnosis, however, is proved by 
selective aortography. 
RSFERENCE 
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CORRESPONDENCE 


Balanced Drainage System 
To the Editor: 


In “A Method of Early Irrigation of the Contaminated 
Postpneumonectomy Space” (Ann Thorac Surg 
31:464, 1981), Drs. Katz and McElvein refer to a mod- 
ified balanced drainage system for management of 
this problem. While I enjoyed reading about their 
ingenious modification, I found that Figure 2A 
might be misleading to the less experienced surgeon. 
The height of the water column in the negative- 
pressure regulator and positive-pressure regulator 
bottles must be measured from the level of fluid in 
. the bottles to the tip of the glass straws, and not to 
the bottom of the bottles, as is depicted in the dia- 
gram. I understand that if the straw tip remains very 
close to the bottom of the bottle, the difference in 
height of the water column will be minimal and, for 
practical purposes, the pressure generated within the 
system will come close to the desired pressure. 

This may be of minor importance in the United 
States, where drainage systems are by and large dis- 
posable and only require the addition of fluid to be 
ready for use. Nonetheless, this detail remains very 
important in other areas of the world, where the tra- 
ditional bottle system is still utilized and must be 
properly set up by adjusting the depth of the straw 
and height of the water column to appropriate levels. 


José F. T. da Rosa, M.D. 


Division of Thoracic and Cardiovascular Surgery 
Federal University of Paraná 
Curitiba, Paraná, Brazil 


Reply 
To the Editor: 


Dr. da Rosa is correct: the negative and positive pres- 
sures, in centimeters of water, should be expressed 
in terms of the distance from the tip of the drainage 
tube to the level of fluid in the container. In our sys- 
tem, the tip is very close to the bottom of the con- 
tainer and the difference is negligible. If other 
methods- are used for drainage, however, this dif- 
ference must be taken into account. 

A corollary to Dr. da Rosa's observation is that if a 
fluid trap is not used in a thoracostomy tube drain- 
age system, any increase in the height of fluid in a 
drainage bottle will change the pressure substan- 
tially. 


Richard B. McElvein, M.D. 


Department of Surgery!Thoracic Surgery 

The University of Alabama in Birmingham 
Medical Center 

University Station 

Birmingham, AL 35294 
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Intrapleural Bacillus 
Calmette-Guérin Administration 
To the Editor: 


In “Complications of Postoperative Intrapleural BCG 
in Lung Cancer” (Ann Thorac Surg 33:267, 1982) 
Bakker and associates have reported several compli- 
cations, including enhancement of tumor growth [1], 
associated with the intrapleural administration of 
bacillus Calmette-Guérin (BCG) as adjuvant therapy 
in surgically resected lung cancer patients. The 
likelihood that these complications may have been 
due to the unconventionally high dose of BCG given 
in the study is not adequately stressed by the au- 
thors; 58 of 64 patients in their series who were 
treated with intrapleural BCG received three to six 
times the dose used in other studies of intrapleural 
BCG for lung cancer, as reported by McKneally and 
co-workers [2], Lowe and associates [3], and The 
North American Lung Cancer Study Group [4]. The 
BCG was not associated with serious complications 
or enhancement of tumor growth in any of these 
studies. Jansen and colleagues [5] also encountered 
complications in 9 of 14 patients who received an 
intrapleural dose of BCG (35 x 10° viable units) 
similar to that used in the study by Bakker and col- 
leagues (32 x 108 viable units). If the title of this arti- 
cle had been “Toxicity Associated with High Doses 
of Intrapleural BCG in Patients with Non-Small Cell 
Bronchogenic Carcinoma,” it would have more accu- 
rately reflected the contents. 


james A. Bennett, Ph.D. 
Martin F. McKneally, M.D., Ph.D. 


Division of Cardiothoracic Surgery 
Albany Medical College 
Albany, NY 12208 
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REVIEW OF RECENT BOOKS 


Etiology and Morphogenesis 
of Congenital Heart Disease 
Edited by Richard Van Praagh 
and Atsuyoshi Takao 

Mt. Kisco, NY, Futura, 1980 
512 pp, illustrated, $47.50 


Reviewed by Hillel Laks, M.D. 


Etiology and Morphogenesis of Congenital Heart Disease 
is an important contribution to one of the neglected 
basic sciences of the pediatric cardiologist and cardiac 
surgeon. It is the product of a joint symposium 
which took place in Tokyo in 1978, with participants 
from Asia, North America, and Europe. As such, it 
does not contain a systematic review of the subject 
but is divided into five sections with chapters 
by different authors. The five sections are genet- 
ics, chromosomal abnormalities, normal cardiac 
embryology, experimental teratology, and clinical 
pathologic-embryologic correlations. Some of the 
chapters cover genetic and embryological aspects of 
congenital heart disease in experimental animals, 
while others are more clinically oriented. There is, 
for example, a lucid and comprehensive chapter en- 
titled “Update on the Etiology of Congenital Heart 
Disease and Genetic Counseling” by James J. Nora, 
which is extremely valuable for pediatricians, car- 
diologists, and surgeons. 

` The sections on normal cardiac embryology in- 


clude four basic science chapters on the embryology 
of the heart in experimental animals. Although most 
clinicians have little background in this area, the su- 
perb illustrations of the developing heart and the 
methods used make fascinating reading. 

The section entitled ‘“Clinical-Pathologic Em- 
bryologic Correlations” contains many excellent 
chapters of value to both clinicians and pathologists. 
“The Morphogenesis of Normal and Abnormal Re- 
lationships Between the Great Arteries and the 
Ventricles: Pathologic and Experimental Data” by 
Richard Van Praagh and associates argues cogently 
for the classification of these lesions on an em- 
bryologic basis. The chapter entitled ‘“Superio- 
Inferior Ventricles: Anatomic and Angiocardio- 
graphic Findings in Ten Postmortem Cases” by Stella 
Van Praagh and colleagues is beautifully illustrated 
with both the pathological and angiocardiographic 
aspects of this lesion. There is also an excellent de- 
scription of the pathology and the morphogenetic 
hypothesis concerning tricuspid and mitral atresia 
by Masahiko Ando and associates. 

This book can be strongly recommended to all 
those interested in the embryology and anatomy of 
the heart and the genetic aspects of congenital heart 
disease. Pediatric cardiologists and cardiac surgeons 
will find it an interesting and valuable addition to 
their libraries. . os 


New Haven, CT 
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Absolutely a Valve 


It's an astonishingly simple concept: The 
design involves total separation of the oc- 
cluder mechanism from the orifice. The 
object is unobstructed blood flow through 
the orifice. 

The ball and cage concept made sense 
twenty years ago when the very first artificial 
heart valve was introduced, and it has since 
proven its worth as a viable solution to 
today’s heart valve requirements. After six- 
teen years of clinical experience with the cur- 
rent Starr-Edwards Silastic Ball Valve, what 


‘trademark of Dow Corning 


was once a promising idea is now a proven 
technology. 

An Open and Shut Case 

The Starr-Edwards Silastic Ball Valve offers 
the longest clinical history of any heart valve; 
prosthesis and a record of structural integrit 
that remains unsurpassed. 

One reason is the simple design of the 
cobalt-chromium cage, cast in one piece, 
eliminating hinges and joints. 

The simple spherical shape of the silastic 
poppet offers an infinite number of seating 
surfaces and a clean rinse. Positive and full 





re provides for minimal regurgitation. 
like other mechanical prostheses, the 
-Edwards Silastic Ball Valve is virtually 
eless. 
ost importantly, the Silastic Ball Valve 
demonstrated a low incidence of cata- 
phic failure. 
ply Predictable 
tarr-Edwards Silastic Ball Valve is 
ally a simple idea—but one that has 
the answer in an estimated 122,000 
ants worldwide. 


nd that makes it one of the single biggest 


contributors to the growth of heart valve 
replacement from a rare procedure to an 
accepted practice. 

When it comes to patient quality of life, 
its not just promises that count—it’s predict- 
ability and proven performance. 

Refer to product data sheets for current 
warnings, precautions, and instructions 
for use. 

For further information, please contact 
American Edwards Laboratories, 

PO. Box 11150, 17221 Red Hill Avenue, 
(Irvine) Santa Ana, CA 92711. 
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The First Cardiovascular 
Prostaglandin 


PROSTIN VR PEDIATRIC 

Sterile Solution (alprostadil, PGE,) 
was developed by the Cardiovascu- 
lar Diseases Research Unit of The 
Upjohn Company. Prostaglandin E, 
is indicated for palliative, not defin- 
itive, therapy to maintain a patent 
ductus until neonates with con- 
genital heart defects can have cor- 
rective surgery. 


Our commitment to prostaglandin 
research has provided the medi- 

cal community with the first prosta- 
glandin for use in cardiovascular 
disease in the United States. Dedi- 
cated research continues concerning 
the effects that prostaglandins have 
in cardiovascular disease as well 

as in other medical specialty areas. 


The use of alprostadil, PGE, for 
dilating the ductus arteriosus in cya- 
notic newborns constitutes a new 
development in the field of neonatal 
heart disease? Prior to the use of 
PGE, for “blue babies,’ emergency 
surgery was the only course of action 
available. Today, thanks to this new 
therapeutic modality, physicians may 
be able to administer PROSTIN VR 
PEDIATRIC to maintain pulmonary 
blood flow in the child until the con- 
dition can be accurately diagnosed. 
When the neonate is physically 
stronger, elective surgery can be per- 
formed. The survival rate of new- 
borns has increased significantly with 
the use of PROSTIN VR PEDIATRIC 
Sterile Solution (alprostadil) com- 
bined with new surgical techniques’ 
However, further research is still 
needed concerning the appropriate 
treatment of underlying congenital 
cardiac defects in cyanotic newborns. 
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1. Linday LA, Engle MA: Prostaglandin 
treatment of newborns with ductal- 
dependent congenital heart disease. 
Pediatr Ann 10(4):29-38, 1981. 
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alorostaci 


PGE) 


Please see following page for brief summary 


of prescribing information. 


Fibrinolytic bleeding — 
the most frequent bleeding 
problem following 
cardiopulmonary _ 











Amicar stopped 
fibrinolytic bleeding 
without more surgery 


Amicar controlled fibrinolytic bleeding 
in all 159 cases treated 


e Hyperfibrinolytic bleeding was the most frequent 
identifiable coagulation disorder in 774 patients following 
cardiopulmonary bypass surgery, occurring in 159, or 20 
percent, of this group.* 

“All of these patients were successfully treated with 
AMICAR (aminocaproic acid) alone, or with AMICAR 
supplemented with cryoprecipitate or fresh-frozen plasma.”* 


No thromboembolic complications 


e No increased incidence of blood coagulability or 
pulmonary embolism was observed.* 
“The absence of thromboembolic complications is in 
accord with the findings of other investigators.”* 


Amicar dosage 


e Jo control fibrinolytic bleeding following cardio- 
pulmonary bypass: 10Gm. IV by slow infusion over five 
minutes; then: 2Gm./HR for 5 hours. Continue as needed until 
fibrinolytic bleeding is controlled. 

“Lambert CJ, Marengo-Rowe AJ, Leveson JE, Green RH, et al: The Treatment of Postperfusion 


Bleeding Using €-Aminocaproic Acid, Cryoprecipitate, Fresh-Frozen Plasma, and Protamine Sulfate 
Annals of Thoracic Surgery 28:440 (Nov) 1979. 





AMIC 


AMINOCAPROIC ACID 


Tablets—500 mg Syrup—250 mg/m! Intravenous—5 gm/20 ml 


LEDERLE LABORATORIES, 
A Division of American Cyanamid Co., Wayne, New Jersey 07470 


Please see following page for brief summary of prescribing information 


© 1981 Lederle Laboratories 303-1 


CME Credit Program: 


The Management of 
Postperfusion Bleeding 
Following Cardiac Bypass 





A guide to methods by which excessive bleeding 
may be diagnosed and managed without additional 
surgery. (1 credit hour, Category I). 


Monograph with self-evaluation test. 
Film available for group showing. 


For additional information regarding this program, 
contact your Lederle representative or write: Lederle 
Laboratories, A Division of American Cyanamid 
Company, Wayne, New Jersey 07470. 


AMICAR’ 


aminocaproic acid 


Indications: For the treatment of excessive bleeding resulting from 
systemic hyperfibrinolysis and urinary fibrinolysis. For associated 
conditions consult labeling 

Contraindications: Active intravascular clotting 

Warnings: Effects on fetal development have not been established. 
Do not use in women of child-bearing potential, particularly in early 
pregnancy, unless potential benefits outweigh possible hazards 
Precautions: Do NOT administer without a definite diagnosis and/or 
laboratory findings of hyperfibrinolysis. Take particular caution in 
cardiac, hepatic or renal diseases. Endocardial hemorrhages and 
myocardial fat degeneration have been observed in animal studies, as 
well as rat teratogenicity and kidney concretions. Rapid intravenous 
administration may induce hypotension, bradycardia and/or 
arrhythmia. One fatal case of cardiac and hepatic lesions has been 
reported in man. A few cases of intravascular clotting following 
treatment have been reported, but this was most likely a result of the 
fibrinolytic disease being treated. Also, it is believed that the few 
reported cases of extravascular clotting could have occurred in the 
absence of treatment. 

Adverse Reactions: Occasional nausea, cramps, diarrhea, 
hypotension, dizziness, tinnitus, malaise, conjunctival suffusion, nasal 
stuffiness, headache, skin rash, rarely requiring reduction or 
discontinuance of dosage. As with all IV medication, guard against 
thrombophlebitis. 


LEDERLE LABORATORIES 
A Division of American Cyanamid Company 
Wayne, New Jersey 07470 


© 1981, Lederle Laboratories 303-1 


Subscription Service 


Attach your mailing 
label here 


and mail this whole 


form to 

The Annals of Thoracic Surgery 
Little, Brown and Company 

34 Beacon Street 

Boston, MA 02106 


Change of Address? 

Please give us 4 weeks advance notice. Attach the label 
for your old address above, write in your new address 
below. 


Entering a New Subscription? 

Check the box and fill in your name and address be- 
low. Include your check in the amount shown below. 
(To order a gift subscription please attach a separate 
sheet with full instructions and include payment.) 


Renewing? 

Check the box below, include your check in the 
amount shown below — and make sure your mailing 
label is correct. 


A Question, Complaint? 
We can serve you better and faster if you will enclose 
your mailing label with any correspondence. 


Please send The Annals of Thoracic Surgery 
1 Year (12 issues) 


USA Canada Foreign 


Individual $44.50 $45.50 $47.50 
Resident, Intern $34.50 $35.50 $37.50 
Institution $49.50 $50.50 $52.50 


O New Subscription O Renewal 


O Payment enclosed 
in the amount of $ 
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CLASSIFIED ADS 


Classified ads for meeting announcements, pcestgraduate 
courses, and positions wanted or available must relate only 
to the thoracic and cardiovascular surgical specialties. All 
ads are subject to the approval of the Editor, and material 
deemed inappropriate for publication in The Annals will be 
rejected. The charge for all classified advertising is $25.00 
per 50 words per issue. Prepayment is required. 

Please submit full information with each ad, including 
name, address, and telephone number of contact person. If 
anonymity is desired when advertising a position wanted 
or available, please indicate this at the time of submission 
and a code number will be assigned. All responses received 
will remain confidential in the publisher's office and will be 
conveyed to the advertiser shortly after receipt. 

Ads must be submitted no later than eight weeks prior to 
the publication month of the desired issue. Send ad and 
nonrefundable check (in the amount of $25 for every 50 
words times the number of issues the ad is to run), payable 
to The Annals of Thoracic Surgery, 400 North Ingalls, Box 
050, University Hospital, Ann Arbor, MI 48109. 


Please note that The Annals does not function as a placement 
service and cannot provide information on advertised po- 
sitions. When answering advertisements, please write indi- 
vidually to each advertiser you wish to contact, using the 
address given in the ad. 


SITUATIONS WANTED 


Cardiovascular surgeon, 32, ABIM, ABS pending, currently 
training in major heart surgery center, desires position in 
growing private practice in July, 1983. Will consider any 
geographical area but association must lead to full partner- 
ship within three years. Clinical research interests. Cur- 
riculum vitae and references on request. 


Please respond to W-317, The Annals of Thoracic Surgery, 
34 Beacon St, Boston, MA 02106. 


Experienced cardiac anesthesiologists now in major univer- 
sity center desire full-time cardiac/vascular/thoracic private 
anesthesia practice. Board certified; recipients of top car- 
diac anesthesia fellowships; ages, under 40 years. Ready to 
provide year-round, 24-hour expert coverage for busy, 
quality-oriented cardiovascular and thoracic surgery group. 


Please respond to W-321, The Annals of Thoracic Surgery, 
34 Beacon St, Boston, MA 02106. 


Thoracic and cardiovascular surgeon, 35, ABS/ABTS eligi- 
ble, trained in university center, seeks private practice op- 
portunity with or without academic affiliation. No geo- 
graphical preference. Curriculum vitae and references upon 
request. Available January, 1983. 


Please respond to W-323, The Annals of Thoracic Surgery, 
34 Beacon St, Boston, MA 02106. 


Cardiothoracic and vascular surgeon, 32, ABS/ABTS eligi- 
ble, seeks position. University trained with exceptional 
pediatric experience. Interest in clinical research. All loca- 
tions considered. Available July, 1983. 


Please respond to W-324, The Annals of Thoracic Surgery, 
34 Beacon St, Boston, MA 02106. 





Thoracic and cardiovascular surgeon, 36, ABS/ABTS, uni- 
versity trained, would like to relocate; association must lead 
to a partnership. Qualifications include two years of resi- 
dency, one year of fellowship, and over two years of very 
busy practice in a balanced service. Available any time. 


Please respond to W-325, The Annals of Thoracic Surgery, 
34 Beacon St, Boston, MA 02106. 


Cardiac surgeon, ABS/ABTS, West Coast university trained 
with one-year fellowship including transplantation, now 
completing six-month fellowship in pediatric congenital 
cardiac surgery. Interested in university or private practice 
position in cardiac surgery. Open to all geographic areas. 
Curriculum vitae available upon request. 


Please respond to W-326, The Annals of Thoracic Surgery, 
34 Beacon St, Boston, MA 02106. 


Cardiothoracic surgeon, 32, ABS, ABTS, trained in major 
midwestern university. Currently doing additional fellow- 
ship; desires situation in private practice. Curriculum vitae 
and references on request. 


Please respond to W-328, The Annals of Thoracic Surgery, 
34 Beacon St, Boston, MA 02106. 





Cardiothoracic and vascular surgeon, 36, ABS certified 
peripheral vascular fellowship. Currently training in major 
eastern university cardiovascular program; desires posi- 
tion, with possible interest in purchase of established prac- 
tice. Available July, 1983. Will consider any location. 


Please respond to W-329, The Annals of Thoracic Surgery, 
34 Beacon St, Boston, MA 02106. 


Cardiothoracic surgeon, 33, ABS certified, ABTS eligible 
(7/83), currently training in major university cardiothoracic 
program; extensive experience in acquired and congenital 
cardiac surgery, trauma, and general thoracic surgery. De- 
sires mainly cardiac surgery oriented position in Middle 
Atlantic or Southeast area. Curriculum vitae and references 
on request. 


Please respond to W-330, The Annals of Thoracic Surgery, 
34 Beacon St, Boston, MA 02106. 





SITUATIONS AVAILABLE 


Fellowship in pediatric cardiovascular and thoracic 
surgery. One-year program beginning July 1, 1982, and 
January 1, 1983, includes emergency newborn surgery as 
well as elective closed and open cardiac surgical procedures 
(250 to 300 cases per year). 


Please respond with curriculum vitae to A-293, The Annals 
of Thoracic Surgery, 34 Beacon St, Boston, MA 02106. 


Board-certified or eligible thoracic-cardiovascular surgeon 
wanted by 20-doctor multispecialty group located in central 
Florida. Candidate will complement two other thoracic- 
cardiovascular surgeons. Excellent location and benefits 
make this opening extremely attractive. 


Contact Richard L. Cassady, M.D., Gessler Clinic, P.A., 635 
First St, N, Winter Haven, FL 33880; tel: (813) 294-0670. 





Special Fellowships in cardiac surgery available at Cleve- 
land Clinic Foundation. Positions offer extensive surgical 
and clinical experience. Emphasis on acquired heart dis- 
ease. 


Please respond with curriculum vitae to Floyd D. Loop, 
M.D., Chairman, Department of Thoracic and Cardiovas- 
cular Surgery, Cleveland Clinic Foundation, 9500 Euclid 
Ave, Cleveland, OH 44106. 


Experienced, board certified cardiovascular surgeon 
wanted to join active three-member midwestern group 
doing general thoracic, open-heart, and peripheral vascular 
surgery. Preference given to an assistant professor or as- 
sociate professor in an active thoracic clinic and with inter- 
est in research and writing. 


Please respond with curriculum vitae to A-386, The 
Annals of Thoracic Surgery, 34 Beacon St, Boston, MA 
02106. 


Cardiovascular and thoracic surgeon seeking board eligible 
or certified candidate for partnership, to begin in near fu- 
ture. Associated with growing cardiac program located in 
the Southeast. 


Please respond with curriculum vitae to A-388, The Annals 
of Thoracic Surgery, 34 Beacon St, Boston, MA 02106. 


General thoracic surgical group in suburban Boston seeks 
new associate. Must be board certified or eligible. 


Please submit resume and curriculum vitae to A-390, The 
Annals of Thoracic Surgery, 34 Beacon St, Boston, MA 
02106. 


Board certified or eligible thoracic surgeon wanted to join 
three-man corporation in Pittsburgh, PA. Peripheral vas- 
cular, general thoracic, pacemaker, and open-heart surgical 
expertise required. 


Please send curriculum vitae to M. L. Cohen, M.D., 4815 
Liberty Ave, Pittsburgh, PA 15224; tel: (412) 683-2533. 





Cardiovascular surgeon wanted for adult open-heart ser- 
vice. Clinical research opportunity. Position is full-time, 
salaried, one-year appointment with career potential. Can- 
didates must be ABTS certified or eligible. 


Please send curriculum vitae to A-394, The Annals of 
Thoracic Surgery, 34 Beacon St, Boston, MA 02106. 


Opportunity for cardiac surgeon in small group private 
practice. Tertiary referral center with active teaching pro- 
gram and fully equipped hospital, including advanced lab 
facilities, CT scanner, oncology program, cath lab, cardiac 
surgery, neurosurgery, dialysis, and other facilities, with a 
service area of 300,000 or more. Unspoiled university city 
on Lake Superior offers outstanding recreational oppor- 
tunities. 


Please contact J. C. Wojcik, M.D., Chairman, Recruitment 
Committee, Marquette General Hospital, 420 W Magnetic 
St, Marquette, MI 49833; tel: (906) 228-9440, ext. 434. 


Board certified thoracic and vascular surgeon needed to join 
very busy three-man group in central Florida. Extensive 
vascular experience desirable, including pacemakers and 
dialysis access. Large multifaceted hospital setting in prime 
area. 


Respond with curriculum vitae to A-398, The Annals of 
Thoracic Surgery, 34 Beacon St, Boston, MA 02106. 


A-30 


Active cardiac and general thoracic surgery group in 
Pennsylvania looking for associate. Opportunity available 
immediately. Private, hospital-based practice. 


Please respond to A-399, The Annals of Thoracic Surgery, 34 
Beacon St, Boston, MA 02106. 


Established multispecialty group of 50 physicians is seek- 
ing a cardiovascular surgeon to join an active cardiology 
department consisting of two recently trained board 
certified invasive cardiologists. The new group medical fa- 
cility and adjoining 181-bed, university-affiliated teaching 
hospital are initiating a cardiovascular surgery program. 
Candidates must be board certified, and postresidency ex- 
perience is desirable. Competitive salary and excellent 
benefits. Attractive community of 132,000 with three 
universities offers fine cultural and recreational oppor- 
tunities. 


Send curriculum vitae to Larry Solberg, Administrator, 
Dakota Clinic, Ltd., Box 6001, Fargo, ND 58108; tel: (701) 
280-3300. 


Young cardiac surgeon with academic background wanted 
to start an open-heart program. ABTS certification and Flex 
or Florida license required. 


Please respond to A-400, The Annals of Thoracic Surgery, 34 
Beacon St, Boston, MA 02106. 


Residency or fellowship, or both, in thoracic and car- 
diovascular surgery, available January 1, 1983, and July 1, 
1983. Well-balanced clinical and academic program. 


Please send resumes and references to John Vasko, M.D., 
Chief, Division of Thoracic Surgery, University Hospital, 
410 W Tenth Ave, Room N-821, Columbus, OH 43210; tel: 
(614) 421-8707. 


Fellowship in pediatric cardiovascular and thoracic 
surgery. One-year program. Prefer graduate of an approved 
program in thoracic surgery who desires more pediatric ex- 
perience. Special emphasis on neonatal surgery; 225 cases 
per year. Please send curriculum vitae. 


Contact James W. Kilman, M.D., Department of Thoracic 
Surgery, Columbus Children’s Hospital, 700 Children’s Dr, 
Columbus, OH 43205. 


Cardiovascular surgeon wanted for full-time academic po- 
sition in adult cardiac and thoracic surgery. Must be ABTS 
certified or eligible. Excellent opportunity for young sur- 
geon with interest in research. 


Apply to Michael D. Yarnoz, M.D., Director, Division of 
Cardiothoracic Surgery, University of South Florida College 
of Medicine, 12901 N 30th St, MDC 16, Tampa, FL 33612. 


Board certified surgeon wanted to join two others in 
busy southern California practice of noncardiac thoracic 
surgery. 


Please send curriculum vitae to A-403, The Annals of 
Thoracic Surgery, 34 Beacon St, Boston, MA 02106. 


Thoracic and vascular surgical group in southern New En- 
gland seeks ABTS eligible or certified surgeon. Extensive 
vascular training and experience required. 


Please respond with curriculum vitae to A-404, The 
Annals of Thoracic Surgery, 34 Beacon St, Boston, MA 
02106. 











Thoracic and vascular surgeons wanted for 18-member 
multispecialty clinic openings. Must be board certified or 
eligible. Guaranteed salary with incentive. Clinic located in 
the heart of Florida citrus industry and lake country; 14/2 
hours to either coast. Immediate drawing area: 90,000. 


For additional information, send curriculum vitae to W. H. 
Brigham, Administrator, Bond Clinic, PA, 500 E Central 
Ave, Winter Haven, FL 33880; tel: (813) 293-1191. 


Cardiovascular and thoracic surgeon wanted for private 
practice in the Midwest. Predominately vascular and tho- 
racic. Experience with arteriography or noninvasive blood 
flow laboratory or both desirable. Must be ABTS eligible 
or certified. 


Please submit resume and curriculum vitae to A-415, The 
Annals of Thoracic Surgery, 34 Beacon St, Boston, MA 
02106. 


Fellowship in thoracic and cardiovascular surgery. Excel- 
lent opportunity for physicians who are licensed or eligible 
in New Jersey. Minimum salary of $30,000 or more, de- 
pending on experience, along with benefit package. An 
equal opportunity/affirmative action employer. 


Apply to Chief, Department of Surgery, Deborah Heart & 
Lung Center, Browns Mills, NJ 08015. 


Thoracic/cardiovascular fellowship available at Nassau 
Hospital, to begin as soon as possible. This 530-bed Long 
Island teaching hospital has ultramodern cardiac surgical 
facilities. Training covers a large variety of cardiac, thoracic 
and peripheral vascular cases. Applicants should be board 
certified or eligible in general surgery. An equal opportu- 
nity employer (M/F). 


Apply to Dr. M. Mohtashemi, Chairman, Thoracic and Car- 
diovascular Department, Nassau Hospital, 259 First St, 
Mineola, Long Island, NY 11501. 








NOTICE 


The Children’s Hospital of Los Angeles will 
present the Third Clinical Conference on 
Congenital Heart Disease on January 14-15, 
1983, at the Ambassador Hotel in Los 
Angeles. The conference will deal with right- 
sided obstructive lesions, including tetralogy 
of Fallot, pulmonary atresia, and tricuspid 
atresia. 


The guest faculty includes: 


Frederick O. Bowman, Jr., New York City 
Paul A. Ebert, San Francisco 

Robert M. Freedom, Toronto 

William W. L. Glenn, New Haven, CT 
Dwight C. McGoon, Mayo Clinic 

Herbert D. Ruttenberg, Salt Lake City 
Jane Somerville, London 





For details, please contact Bernard L. Tucker, 
M.D., 1136 W Sixth St, Los Angeles, CA 
90017. 





PERIOPERATIVE 
CARDIAC DYSFUNCTION 


December 2-4, 1982 
San Diego Hilton Beach and Tennis Resort 


Sponsored by The Cardiothoracic Research 
and Education Foundation 


Course Director: Joe R. Utley, M.D. 


Continuing education credit for physicians 
and nurses. Registration fee: $250, physi- 
cians; $125, nurses and residents. 


Perioperative Cardiac Dysfunction is the third 
in a series of courses designed to integrate 
information about basic and clinical sciences, 
and to improve the knowledge of surgeons, 
cardiologists, anesthesiologists, pulmonol- 
ogists, nurses, and other specialists in the 
care of patients undergoing cardiac surgi- 
cal procedures. 


For information write CREF, P.O. Box 
33185, San Diego, CA 92103, or call (714) 
272-3126. 











CARDIAC 
FELLOWS 


New Program 


Three cardiac surgery fellows are avail- 
able at St. Joseph’s Hospital & Medical 
Center, starting October 1, 1982. This 
785-bed medical center, with its modern 
cardiac surgical facilities, is convenient 
to New York City. Excellent salary and 
benefits, including an on-site child care 
center. Applicants should be board 
certified or eligible in general surgery. 
Please send resume and curriculum vitae 
to: David Bregman, M.D., F.A.C.S., 
F.A.C.C., Chairman, Department of Sur- 
gery at 


St. Joseph’s 
Hospital 


& Medical Center 


703 Main St 
Paterson, NJ 07503 
An Equal Opportunity Employer M/F 








Specialty Review 
n Thoracic 
Surgery 

january 24-29, 1983 

THE Sin 


GRADUATE 
SCHODL tienen 








This intensive 48-hour review course offers you a 
broad, yet detailed and well-presented 
examination of current thoracic surgical practice. 


Specialty Review in Thoracic Surgery, after 
reviewing diagnostic and therapeutic principles, 
emphasizes pathology, physiology, pharmacology, 
and biochemistry applicable to thoracic and 
cardiac surgery; surgical techniques and 
postoperative management. It is clinically- 
relevant, practical, and informative. 


This course is designed to meet the needs of 
trainees and recent graduates preparing for 
certification in thoracic surgery in Part | of the 
Board Examinations ... practicing thoracic 
surgeons seeking a comprehensive review and 
update ... and general surgeons with special 
interest in surgery of the chest. Participation earns 
48 AMA Category 1 credit hours. Fees: $450, 
practicing physicians; $340, residents and fellows. 
Enrollment is limited to 225. 


For further information, contact: The Cook County 
Graduate School of Medicine, 707 South Wood 
Street, Chicago, Illinois 60612; (312) 733-2800. 


The Graduate School ... over half a century of continuing medical education. 
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Introducin 
the Bifurcate 
GORE-TEX reinforce 














expanded PTFE 
vascular graft: 





Once it became apparent that the 
GORE-TEX® reinforced graft 

was second only to the saphenous 
vein in suitability for peripheral 
vascular work, a number of 
surgeons asked us two rather 
leading questions: 


1. Won't it work even better in 
larger diameters? 


2. When do we get a bifurcated 
graft for use in the aorto-iliac 
or aorto-femoral position? 


A 
logical step 
ried. 


The answer to the first question 
was easy: yes. The grafts are 
now available up to 24 mm. The 
larger diameters have been used 
successfully in large-artery and 
large-vein surgery. 

The answer to the second 
question has been a bit longer 
in coming. It took over three years 
of sophisticated engineering 
design work and animal testing 
before we could be sure that we 
had the graft that we wanted. 





As of this writing, over 2000 
grafts have been shipped. 

Given the short time the grafts 
have been available, no definitive 
long-term results in human 
implantation are available. 
Primarily, doctors like the fact 
that the grafts do not require 
pre-clotting. No interstitial 
hemorrhaging occurs. And no 
dilatation. 

But this experience is only 
the beginning. 


Angiogram of Bifurcated 
GORE-TEX Vascular Graft canine 
implant at 1143 days post-op. 


You don’t have to be an engineer 
to know that the best flow divider 
is that which disturbs the flow 
least. That's why the GORE-TEX 
Bifurcated Vascular Graft was 
modelled as closely to the human 
aorto-iliac bifurcation as possible. 
Unlike knitted or woven 
prostheses, the Bifurcated GORE- 
TEX graft provides a constant 
flow area and smooth flow transi- 


Hemodynamically 
speaking, which would 
you choose? 


tion at the aorto-iliac juncture. 

We inspect every graft, to ensure 
that the Bifurcated GORE-TEX 
graft maintains the strength and 
cleanliness of our straight 
vascular grafts. 

In addition, each bifurcated 
graft is tested to ensure that the 
flow divider cannot bias flow to 
one leg. In vitro testing has shown 
that even when flow in one leg 


is partially or totally restricted, 
the flow divider does not flex from 
its mid-line position, and allows 
total flow in the unrestricted leg. 
As has been noted in the liter- 
ature regarding our smaller 
diameter grafts, thrombectomy 
of a possible occlusion in the 
graft’s limbs very likely will be 
more successful than appears to be 
the case with other materials. 





1. The original. 
Human aorto-iliac bifurcation 


2. Close copy. 
Bifurcated GORE-TEX 
reinforced PTFE graft. 


3. Not so close. 
Knitted prosthesis. 


GORE-TEX 
vascular grafts, 
in brief. 


GORE-TEX vascular grafts are 
made of expanded polytetra- 
fluoroethylene (PTFE), reinforced 
by a strong, fine lattice of the same 
material applied to the exterior. 

GORE-TEX vascular grafts are 
easy to handle, with excellent 
resistance to kinking. They exhibit 
high suture-holding strength. 
They are, of course, fully bio- 
compatible and, unlike knitted 
prostheses, do not require 
pre-clotting. 

GORE-TEX vascular grafts fot 
vascular surgery are available 
as straight grafts from 3 mm to 
24 mm, and in two bifurcated 
sizes: 16 mm with 8 mm limbs; 
and 20 mm with 10 mm limbs. 


Please send me additional information on the items I have checked: 
O Bifurcated GORE-TEX vascular grafts 

O GORE-TEX large-diameter vascular grafts 

O Please have your representative call for an appointment. 
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Five times the 
flex strength of 


conventional leads. 


cordis. 


Cordis Corporation 

Post Office Box 525700 

Miami, Florida 33152-5700, U.S.A. 
Telephone 305-551-2000 





New 

In-Line Oxygen 
Monitoring 
System 


for Open Heart Surgery 


Continuous pO, Monitoring 


Clarke type Sensor 
e Arterial or Venous 
è Temperature 
e Real. Time 
° pO, 


Write or Call for 
Technical Specifications 


SEARLE 


Searle Life Support Systems 
Searle Medical Products USA Inc. 
3942 Irving Boulevard 

Dallas, Texas 75247 

In Texas 214-631-7017 

Toll Free 1-800-527-1151 





HE ANNALS OF 
HOR ACIC SURGER 


lume 34 Number 5 November 1982 


neteenth Annual Meeting of 

e Society of Thoracic Surgeons 
uary 17-19, 1983 

n Francisco Hilton Hotel 

n Francisco, CA 





Whatever your patient sets his mind to, 
Enertrax sets its pace to. 





Introducing Enertrax: l 
The smallest, most programmable physiologic 
pacemaker, with the useful followup you want. 


You want your patient with a 
healthy sinus node to lead a life 
limited only by his imagination, 
not by his pacemaker. He can do it 
with Medtronic’s completely pro- 
grammable Enertrax, the most 
physiologic pacemaker available. 

Whether he’s running, reading, 
or anything in between, Enertrax 
automatically tracks the patient’s 
atrial activity and then paces the 
ventricle in response when AV 
conduction fails and no R-wave is 
sensed, It is the finest replacement 
for the heart’s AV node and Bundle 
of His. 

Designed expressly for atrial 
synchronous, ventricular inhibited 
(VDD) pacing, Enertrax can sig- 
nificantly increase work capacity 
over ventricular demand (VVI) 
pacing, permitting normal ranges 


of heart rate as the patient's body 
directs. Your patient may feel fewer 
symptoms, have improved well be- 
ing and other proven benefits of 
VDD pacing. All in only 40 grams. 
Enertrax is ideal for a child’s grow- 
ing life. It can give both young and 
older patients a hemodynamic 
boost that restores vitality. 

You can easily treat complica- 
tions such as loss of atrial sensing 
by reprogramming atrial sensitivity. 
Precise, simple patient man- 
agement. Medtronic technology 
brings you the simplest and most 
useful followup tools, a whole 
performance-matched system. 
Special telemetry features make 
Enertrax functions easy to follow 
while simplifying management for 
both you and the patient. 

Telemetry and programmable 


functions are controlled by the 
Medtronic Censys™ programmer, 
your vital communications link to 
any Medtronic pacemaker. With 
Censys and Enertrax, you get a real 
time “‘self-diagnostic” marker of 
pacemaker activity which simpli- 
fies follow-up and troubleshooting 
diagnosis. You also have a real- 
time calibration pulse and control 
of eight programmed parameter 
values. Plus battery status, pace- 
maker model ID number and many 
other patient management fea- 
tures. 

Teletrace telephone monitoring 
offers you parameter and battery 
Status telemetry, as well as trans- 
telephonic EKG transmission. 

For physiologic pacing as indi- 
vidual as each patient’s natural 
heart rate: Enertrax. 





Medtronic È) 


Leading the way to man’s heart. 


ENERTRAX™ Model 7100 


Intended Uses 

Atrial synchronous pacing using an implantable VDD pacemaker is 
for patients who have intermittent or complete atrioventricular block 
with normal sinus activity and who would benefit from regular atrial 
contribution to ventricular filling and rate variation based on phys- 
iologic need. 


Contraindications 

There are no known contraindications to the use of pacing as a 
therapeutic modality for control of heart rate. The patient's age and 
medical condition, however, may dictate the particular pacing sys- 
tem, mode of operation, and implantation procedure used by the 
physician. Use of the VDD mode is contraindicated in the presence 
of atrial bradycardias (sick sinus syndrome, sinus arrest), atrial 
fibrillation, atrial flutter or atrial tachycardias. It is also contraindica- 
ted in slow retrograde conduction situations resulting in atrial activ- 
ity that retriggers the pacemaker. 


Warnings 

Diathermy should not be used on patients with pacemakers be- 
cause of possible heat damage to electronic components. Electro- 
surgical units should never be used in the vicinity of unipolar pulse 
generators or bipolar pulse generators implanted in the unipolar 
mode because of danger of introducing fibrillatory currents into the 
heart via the implanted pulse generator/lead. Pulse generators may 
be damaged by defibrillatory plschatgee if the paddles are placed 
over the implanted pulse generator. See the specific precautions 
and warnings in the technical manuals included with the pulse 
generator. 


Precautions 

The physician should be aware that all pulse generators will ulti- 
mately cease to function due to cell depletion, and may fail at any 
time due to random component or battery failures which cannot be 
predicted prior to failure. Also, that the pacing system may cease to 
function at any time due to lead-related problems such as displace- 
ment, fracture, fibrotic tissue formation, elevated thresholds and 
medical complications, and that proper operation may be affected 
by electrical interference from certain electrical equipment. 

Side Effects 

Body rejection phenomena, including local tissue reaction, muscle 
and nerve stimulation, infection, erosion of pulse generator/lead 
through skin, transvenous lead-related thrombosis, embolism and 
cardiac tamponade. 
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f 
. 
rf a Postoperative 
Wa Y wound 
D hematoma 
4 can result from 
4 uncontrolled capillar 
bleeding—especially 
in heparinized patients. 
n Hemostasis with Thrombosta 
RTE cael prior to closure, significantly 
reduces the frequency of wound 
hematoma and its sequelae. In a study’ involving 10 
patients receiving subcutaneous low-dose heparin 
prior to abdominal surgery, 82.4% (42 of 51) of the 
thrombin-treated group were free of any hematoma; while 64.7% 
(33 of 51) of the untreated group developed hematoma. 


Freeman JW, etal: The use of topical thrombin to 
l Curr 







n, 


1/ Hashemi K, Donaldson LJ 
reduce wound haematoma in patients receiving low-dose heparin. 


Med Res Opin 7:458-462, 1981 
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Rapidly effective. Thrombostat 
controls capillary oozing in seconds. It can 
clot an equal volume of blood in less than a 
second, or 1000 ml of blood in less than a 
minute in vitro. 


Easy to use. Thrombostat powder can 
be sprinkled on; the solution can be sprayed 
on, or used to flood the oozing surface, or 
an absorbable gelatin sponge* saturated with 
Thrombostat solution may be applied to 
the bleeding area. Thrombostat must not be 
injected. 


Versatile. In a variety of surgical 
procedures, including vascular, plastic, burn, 
abdominal, gynecologic, orthopedic, or 
neurosurgery, Thrombostat is a valuable aid 
to hemostasis wherever oozing blood from 
capillaries and small venules is accessible. 


*Consult the absorbable gelatin sponge (Gelfoam®, Upjohn) product labeling for com- 
plete information prior to utilizing the thrombin-saturated sponge procedure. 


THROMBOSTAT ™ (Thrombin, USP) Bovine Origin 
Before prescribing, please see full prescribing information. 
A Brief Summary follows: 

Thrombostat must not be injected! Apply on the surface 

of bleeding tissue as a solution or powd 
INDICATIONS: T} stat (thrombin 
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WARNING: Because of its action in the clotting mechanism, 
Thrombostat must not be injected or otherwise allowed to enter 
large blood vessels. Extensive intravascular clotting and even 
death may result. Thrombostat is an antigenic substance and 
has caused sensitivity and allergic reactions when injected into 
animals. 
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Medtronic makes unipolar pacemakers 
that don't listen when pectoral muscles talk. 


i © 8420 
MULT I-PROGRAMMABLE 
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se SXT” solves the problem of muscle 
electrical noise sensing in unipolar pacing. 


Your pacemaker patient merely 
combs his hair, and electrical noise 
from his pectoral muscles inhibits 
pacing function. You have reason 
to be concerned, especially since 
the patient may experience the 
symptoms which brought him to 
you in the first place. 
There is a solution: Medtronic. 
Medtronic unipolar pacemakers 
do not sense the electrical artifacts 
typically generated by normal pec- 
toral muscle activity. Our patented 
sensing circuit design discrimi- 
nates between typical muscle arti- 
facts and the heart’s R-waves. 
The multiprogrammable Spec- 
trax SXT is one sterling example 
of how Medtronic design outwits 
pectoral muscles. Electrograms 
show that all human musculature 
“sounds” practically alike, making 
absolute discrimination very diffi- 
cult. Opening and closing pace- 
maker band width is clearly not the 
solution. Medtronic technology is. 
Extensive testing of ten manu- 
facturers’ pacemakers demon- 
strates that Medtronic provides 
superior muscle EMI rejection’. 


The sensing curve at right demon- 
strates why. 
Spectrax listens only to the 
heart. And you. Spectrax SXT is 
Medtronic’s most advanced single- 
chamber pacemaker. It gives you 
the programming versatility you 
expect from Spectrax, with the 
added advantage of telemetry for 
simple—and just plain useful—fol- 
lowup. All in only 45 grams. And 
you can select from one unipolar or 
two bi-polar configurations. 
Medtronic’s integrated pacing 
system gives you the most versatile 
patient management. Components 
are performance-matched for pre- 
cise and reliable pacing therapy. 
While Spectrax SXT tunes out 
pectoral muscle noise, you keep 
tuned into the heart through the 
Medtronic Censys™ programmer, 
your vital communications link to 
any Medtronic pacemaker. With 
the Spectrax SXT, Censys trans- 
mits eight programmed parame- 
ters, battery status and ID 
numbers. Plus intracardiac elec- 
trograms which could alert you to 
adjust sensitivity settings. Several 
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other programmable features pro- 
vide simplified, precise followup. 
And you have the easy-to-read 
ECGs and other advantages of un- 
ipolar pacing, with the assurance 
that muscle EMI will not threaten 
your patients new feeling of well 
being. Spectrax SXT"—The world’s 
most prescribed pacemaker. 

For more information on the sensing 
tests of other unipolar pacemaker manu- 
facturers and Medtronic, phone: 1-800- 
328-2518. 


‘for more information, see PACE, vol. 5, No. 1, pages 1-37. 


Medtronic Implantable Pulse Generators 
and Leads 


Intended Uses 


Ventricular pacing using an implantable ventricular pulse generator 
is for long-term therapeutic control of heart rate in patients with 
impulse formation or conduction disorders leading to bradyarrhy- 
thmias, tachyarrhythmias and heart block (see product labeling for 
detailed list of intended uses). An atrial pulse generator is for long- 
term therapeutic control of heart rate in patients with impulse forma- 
tion disorders but with intact, functioning A-V conduction systems. 
Cardiac pacing using an implantable A-V sequential pulse generator 
is for long-term therapeutic control of heart rate in patients where 
restoration of A-V synchrony is indicated to improve cardiac output 
or to protect against arrhythmias related to sequence of cardiac 
impulse propagation. 


Contraindications 


There are no known contraindications to the use of pacing as a 
therapeutic modality for the control of heart rate in patients with 
normal conduction systems. In certain patients with anomalies of 
the conduction system (WPW syndrome and related conditions), 
patients may be benefited or harmed by cardiac pacing. Therefore, 
electrophysiologic studies are required prior to therapeutic applica- 
tion of pacing. In addition, the patient's age and medical condition 
may dictate the particular pacing system and implantation proce- 
dure used by the physician. 


Medtronic 


Leading the way to man’s heart. 

Warnings 

Diathermy should not be used on patients with pacemakers be- 
cause of possible heat damage to electronic components. Electro- 
surgical units should never be used in the vicinity of unipolar pulse 
generators or bipolar pulse generators implanted in the unipolar 
mode because of danger of introducing fibrillatory currents into the 
heart via the implanted pulse generator/lead. Pulse generators may 
be damaged by defibrillatory discharges if the paddles are placed 
over the implanted pulse generator. See the specific precautions and 
warnings in the technical manuals included with the pulse generator. 


Precautions 


The physician should be aware that all pulse generators will ulti- 
mately cease to function due to cell depletion, and may fail at any 
time due to random component or battery failures which cannot be 
predicted prior to failure. Also, that the pacing system may cease to 
function at any time due to lead-related problems such as displace- 
ment, fracture, fibrotic tissue formation, elevated thresholds and 
medical complications, and that proper operation may be affected by 
electrical interference from certain electrical equipment. 


Side Effects 


Body rejection phenomena, including local tissue reaction, muscle 
and nerve stimulation, infection, erosion of pulse generator/lead 
through skin, transvenous lead-related thrombosis, embolism and 
cardiac tamponade. 








Much of the success of surger 
depends on you... 


part of your patients’ recovery 
may depend on the antibiotic 
you choose 


Note: Mandol should be given cautiously to penicillin-sensitive patients and is 
contraindicated in patients with Known allergy to cephalosporins 


“In patients undergoing surgical procedures that are classified as contaminated or potentially 
contaminated (e.g., cholecystectomy in high-risk patients, such as those with acute cholecys 
titis, obstructive jaundice, or common-duct gallstones; appendectomy; gastrointestinal surgery 
cesarean section; and vaginal hysterectomy), the administration of Mando! preoperatively 
intraoperatively, and postoperatively may reduce the incidence of certain postoperative 
infections. 


In major surgery in which the incidence of postoperative infection is low but infection is serious 
if it does occur (cardiovascular surgery, neurosurgery, or prosthetic arthroplasty), Mandol may 
be effective in preventing such infections 


The perioperative use of Mandol should be discontinued after 24 hours; however, in prosthetic 
arthroplasty, it is recommended that administration be continued for 72 hours. If there are 
signs of infection, specimens for culture should be obtain2d for the identification of the causa 
tive organism so that appropriate therapy may be instituted 


Lilly 


See the following page for summary of prescribing informatio 


MANDOL "/~ 


Cefamandole Nafare 


Brief Summary. Consult the package literature for prescribing information. 


Indications and Usage: Preventive Therapy—The administration of Mando! preoperatively, in- 
traoperatively, and postoperatively may reduce the incidence of certain postoperative infections in patients 
undergoing surgical procedures that are classified as contaminated or potentially contaminated (e.g. 
gastrointestinal surgery, cesarean section, vaginal hysterectomy, or cholecystectomy in high-risk patients 
such as those with acute cholecystitis, obstructive jaundice, or common-bile-duct stones) 

In major surgery in which the risk of postoperative intection is low but serious (cardiovascular surgery, 
neurosurgery, or prosthetic arthroplasty), Mando! may be effective in preventing such infections. 

The perioperative use of Mandol should be discontinued after 24 hours; however, in prosthetic 
arthroplasty, it is recommended that administration be continued for 72 hours. If signs of infection occur, 
specimens for culture should be obtained for identification of the causative organism so that appropriate 
antibiotic therapy may be instituted. 


Contraindication: Mandolis contraindicated in patients with known allergy to the cephalosporin group of 
antibiotics 


Warnings: BEFORE THERAPY WITH MANOOL ISINSTITUTEC, CAREFUL INQUIRY SHOULD BE MADE TO DETERMINE WHETHER THE PATIENT HAS 
HAD PREVIOUS HYPERSENSITIVITY REACTIONS TO CEPHALOSPORINS, PENICILLINS. OR OTHER DAL THIS PRODUCT SHOULD BE GIVEN 
CAUTIOUSLY TO PENICILLIN-SENSITIVE PATIENTS. ANTIBIOTICS SHOULD BE ADMINISTERED WITH CAUTION TO ANY PATIENT WHO HAS 
DEMONSTRATED SOMEFORM OF ALLERGY, PARTICULARLY TO DRUGS. SERIOUS ACUTE HYPERSENSITIVITY REACTIONS MAY REQUIRE EPINEPHRINE 
AND OTHER EMERGENCY MEASURES. 

In newborn infants, accumulation of other cephalosporin-class antibiotics (with resulting prolongation 
of drug half-life) has been reported 


Precautions: Although Mandol rarely produces alteration in kidney function, evaluation of renal status is 
recommended, especially in seriously ill patients receiving maximum doses 

Prolonged use of Mando! may result in the overgrowth of nonsusceptible organisms, Careful 
observation of the patient is essential. If superinfection occurs during therapy, appropriate measures should 
be taken 

Nephrotoxicity has been reported following concomitant administration of aminoglycoside antibiotics 
and cephalosporins 

A false-positive reaction for glucose in the urine may occur with Benedict's or Fehling’s solution or with 
Clinitest® tablets but not with Tes-Tape® (Glucose Enzymatic Test Strip, USP. Lilly). There may be a 
false-positive test for proteinuria with acid and denaturization-precipitation tests. 

As with other broad-spectrum antibiotics, hypoprothrombinemia, with or without bleeding, has been 
reported rarely, but it has been promptly reversed by administration of vitamin K Such episodes usually 
have occurred in elderly, debilitated, or otherwise compromised patients with deficient stores of vitamin K 
Treatment of such individuals with antibiotics possessing significant gram-negative and/or anaerobic 
activity is thought to alter the number and/or type of intestinal bacterial flora, with consequent reduction in 
synthesis of vitamin K. Prophylactic administration of vitamin K may be indicated in such patients. 
especially when intestinal sterilization and surgical procedures are performed 

In a few patients receiving Mandol, nausea, vomiting, and vasomotor instability with hypotension and 
peripheral vasodilatation occurred following the ingestion of ethanol! 

Cefamandole inhibits the enzyme acetaldehyde dehydrogenase in laboratory animals. This causes 
accumulation of acetaldehyde when ethanol is administered concomitantly, 

Usage in Pregnancy — Safety of this product for use during pregnancy has not been-established 

Usage in Infancy —Mandol has been effectively used in this age group, but all laboratory parameters 
have not been extensively studied in infants between one and six months of age; safety of this product has 
not been established in prematures and infants under one month of age. Therefore, if Mandol is 
administered to infants, the physician should determine whether the potential benefits outweigh the 
possible risks involved 


Adverse Reactions: Hypersensitivity—Maculopapular rash, urticaria, eosinophilia, and drug fever 
have been reported. These reactions are more likely to occur in patients with a history of allergy, particularly 
to penicillin 

Blood — Thrombocytopenia has been reported rarely. Neutropenia has been reported especially in long 
courses of treatment. Some individuals have developed positive direct Coombs’ tests during treatment with 
the cephalosporin antibiotics. 

Liver—Transient rise in SGOT, SGPT, and alkaline phosphatase levels has been noted 

Kidney —Decreased creatinine clearance has been reported in patients with prior renal impairment. As 
with some other cephalosporins, transitory elevations of BUN have occasionally been observed with 
Mandol: their frequency increases in patients over 50 years of age. In some of these cases, there was also a 
mild increase in serum creatinine. 

Local Reactions —Pain on intramuscular injection is infrequent, Thrombophlebitis occurs rarely. 
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Additional information available to the profession on request. 
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NOW—A handsome way to protect 
and preserve your personal copies of 


ANNALS OF THORACIC SURGERY 


A durable custom-designed Library Case or Binder 
will protect your copies of the ANNALS OF 
THORACIC SURGERY from loss and wear. At the 
same time, this impressive addition to your library 
will help you conserve valuable space and reduce 
clutter. Both the case and the binder come in hand- 
some maroon simulated leather, with an embossed 
spine in black lettering for maximum legibility. 
Scuff-resistant and washable, each includes gold 
transfer so you can print the volume and year. 









Order your Library Case or Binder for the 
ANNALS OF THORACIC SURGERY by simply 
mailing the coupon below with your check, specify- 
ing with your order which style and size you prefer. 
Satisfaction is unconditionally-guaranteed or your 
money back. 








== 
BINDER CASE CASE 


To: Jesse Jones Box Corp. 
P.O. Box 5120 Dept. APS 
Philadelphia, PA 19141 


My check or money order for $____________—_is enclosed. 
Please send me: 


O THE ANNALS OF THORACIC SURGERY 
Binder(s). Each binder holds 12 issues. Prices: 
$7.50 each; 3 for $21.75; 6 for $42.00. 


O THE ANNALS OF THORACIC SURGERY Cases(s). 
Each case holds 12 issues. Prices: $5.95 each; 
3 for $17.00; 6 for $30.00. 





Name 





Address 





City State Zip 


(The prices above include postage and handling within the 
United States; make checks payable to Jesse Jones Box Corp.) 
For all orders outside the United States, please add $2.50 
per unit. 





TRIBUTE 


Paul C. Samson, M.D., 1905-1982 


Benson B. Roe, M.D. 


The death of Paul Samson at age 76 on February 
10, 1982, ended one of the most influential 
careers in American thoracic surgery. “Buck,” 
as he was affectionately known, was impressive 
physically, intellectually, and personally. De- 
spite his formidable stature, he was a gentle, 
considerate individual who attracted both af- 
fection and respect. As one of the founding 
fathers who brought thoracic surgery into focus 
after World War II, he made a major contribu- 
tion to developing the specialty into what it is 
today. All thoracic surgeons owe him a tremen- 
dous debt for his effective voice during the 
controversial years when thoracic surgery was 
evolving its identity. 

Buck was born in Emporia, Kansas, and grew 
up in the Midwest, attending the University of 
Toledo and the University of Michigan Medical 
School. His athletic prowess brought him early 
fame. An All-American swimmer and NCAA 
Champion freestyler, he was a member of the 
1928 Olympic team and two national cham- 
pionship water polo teams. These major un- 
dertakings did not prevent him from achieving 
an excellent scholastic record and graduating 
cum laude from medical school. 

After training in general surgery, Buck came 
under the influence of the late John Alexander 
as one of the early trainees in the first thoracic 
residency program at Ann Arbor. He carried 
the heritage he received from Dr. Alexander to 
the West Coast in 1936 to begin a practice in 
thoracic surgery in Oakland, and was one of the 
first surgeons in the West to limit his practice to 
the new specialty. The metropolitan commu- 
nity soon benefited from his high standards, 


From the University of California, Room 488-M, San Fran- 
cisco, CA 94143. 


firm policies, and effective guidance, becoming 
one of the first areas in the United States where 
thoracic surgery was performed exclusively by 
thoracic surgeons. 

After the outbreak of World War IL, Buck be- 
came a member of the Second Auxiliary Surgi- 
cal Group serving in the African and European 
theaters. With others, he was responsible for 
establishing thoracic surgery as a separate spe- 
cialty in the Armed Forces. His involvement in 
seven campaigns during the war led to several 
high commendations and provided the basis 
for his important contributions to the manage- 
ment of thoracic trauma. It was a major chapter 
in his long and productive career as an innova- 
tive clinician and effective teacher—a career 
that spanned more than four decades. 

One of Buck’s most important contributions 
to thoracic surgery was his leadership role in 
the founding of The Society of Thoracic Sur- 
geons. Without his support, this representative 
Scciety might never have come into being. He 
was its first president and a recipient of its Dis- 
tinguished Service Award. He also served as 
president of the American Association for 
Thoracic Surgery and of numerous other major 
surgical societies. In his role as Regent of the 
American College of Surgeons, he was a bul- 
wark of strength for thoracic surgery. 

The most lasting tribute to Paul Samson’s 
leadership was the formation of a professional 
organization bearing his name. The Samson 
Thoracic Surgical Society of Western North 
America has grown rapidly into a prestigious 
thoracic surgical group since its founding in 
1974. It stands as a living testimony to his ac- 
complishments. Those of us whose lives were 
touched by Paul Samson are so much richer for 
that experience. 
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EDITORIAL 


Mitral Valve Replacement 


and Coronary Artery Bypass Grafting 


Robert B. Karp M.D. 


In the timely article by DiSesa and colleagues 
on page 482 of this issue, an 18% mortality 
rate is reported for 100 patients having com- 
bined mitral valve replacement (MVR) and 
coronary artery bypass grafting (CABG) at the 
Brigham and Women’s Hospital in Boston. This 
figure does not differ appreciably from the 
23.7% mortality reported by 15 institutions 
participating in the Coronary Artery Surgery 
Study from 1975 to 1980. However, it does dif- 
fer significantly—and impressively—from the 
6.4% mortality for isolated MVR performed in 
295 patients at the authors’ institution. 

Interestingly, the mortality for combined 
MVR and CABG has been much higher than 
that reported for combined aortic valve re- 
placement (AVR) and CABG [1]. The supposi- 
tion here is that the mitral valve disease is in 
some way related to the ischemic process, and 
that the resulting cardiomyopathy is clearly det- 
rimental to both hospital and long-term survi- 
val. This is opposed to the presumed existence 
of two different diseases when combined AVR 
and CABG is done in cases where the left ven- 
tricle has much less segmental ischemic dys- 
function. The concept of ischemic ventricular 
dysfunction is supported by the observation 
that in almost every other series described in 
the literature, the mortality associated with 
mitral regurgitation combined with coronary 
surgery is considerably higher than that for 
mitral stenosis combined with coronary sur- 
gery. 

The findings of DiSesa and co-workers also 
support the idea that the condition of the 
myocardium is an incremental risk factor in 
operative death for combined MVR and CABG. 
In the 100 patients studied, mortality was sig- 
nificantly higher for the patients who were in 
New York Heart Association Functional Class 


From the University of Alabama in Birmingham, The Medi- 
cal Center, Department of Surgery, University Station, Bir- 
mingham, AL 35294. 
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IV-—all deaths were in this class—than for 
those in Class II. In addition, patients under- 
going emergency operations had a higher oper- 
ative mortality than did those having elective 
operations. Finally, the authors note that 
myocardial protection with potassium car- 
dioplegia resulted in improved survival in pa- 
tients having elective procedures, but not in 
those operated on as emergencies. The patients 
who underwent emergency procedures prob- 
ably had greater diminution of myocardial 
reserves coming into the operation—and car- 
dioplegia can only protect, not renew, myocar- 
dium. The status of the myocardium is also im- 
plicated by data on the predictive value of the 
preoperative cardiac index as it affects post- 
operative survival. 

Certain information is missing from the arti- 
cle. I wonder if there were any patients with 
mitral stenosis or a mixed lesion who also had 
ischemic cardiomyopathy, and must assume 
that this was not the case. Also, the authors’ 
definition cf complete revascularization is not 
clear; I assume that the term is defined by a 1:1 
ratio of distal anastomoses to obstructions of 
70% or greater. I am curious about the exact 
definition of mitral regurgitation due to coro- 
nary artery disease, as well. For example, a 
similar group of patients (N = 96) undergoing 
combined MVR and CABG at the University of 
Alabama in Birmingham has been analyzed [2]. 
Several different types of valve disease were 
found; some valves had the very clear-cut ap- 
pearance of rheumatic valvulitis, and others 
were classic examples of mitral valve prolapse. 
Only 29 patients had what surgeons consider 
the classic appearance of papillary muscle dys- 
function due to ischemic heart disease. Among 
these 29 patients, there were 5 operative deaths, 
for a mortality of 17%. Among the remaining 67 
patients, there were 3 operative deaths, for a 
mortality of 4.5%. 

I believe that it is possible to designate more 
than two groups—that is, coronary artery dis- 
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ease (ischemic) or rheumatic—in evaluating 
mitral valve disease. I also believe that most of 
the operative and long-term deaths will occur in 
patients in whom coronary artery disease is the 
etiological factor. The Brigham group, however, 
did not find this to be the case. In the 76 pa- 
tients with mitral regurgitation in their series, 
the operative mortality was 21.1%. The patients 
reported as having coronary artery disease (a 
whopping two-thirds of the mitral regurgita- 
tion patients) had an operative mortality of 
18.2%, while those with rheumatic etiology had 
an operative mortality of 28.6%. 

Surgeons confronted with the prospect of 
evaluating and operating on patients who have 
both coronary artery disease and mitral valve 
abnormalities need more information. Opera- 
tive survival is presumed to be poor for patients 
with mitral regurgitation due to coronary artery 
disease, but the Brigham experience does not 
corroborate this. However, if a patient with 
mitral regurgitation and coronary artery disease 
is seen as an emergency, the incidence of op- 
erative survival may be only 40%. The cost/ 
benefit ratio of such procedures is in question. 

How, then, does one select candidates for 
operation from the patients who are seen with 
abnormalities of both the coronary arteries and 
the mitral valve? I believe that patients with 
stenosis or mixed lesions are likely to do quite 
well in terms of hospital mortality and long- 
term survival, a view supported by the actuarial 
tables of DiSesa and associates. Patients with 
pure mitral regurgitation, on the other hand, 
will have a different outcome; results in these 
patients seem to be affected by the precise 
etiology of the mitral regurgitation. In the Uni- 
versity of Alabama in Birmingham series, the 
18% mortality in the 29 patients with papillary 
muscle dysfunction was almost the same as that 
reported by DiSesa and colleagues. However, 
in a group of 36 patients who had pure mitral 
regurgitation not due to papillary muscle dys- 


function and who underwent combined MVR 
and CABG, only 2 patients died early, for a 
mortality of 6%. This is apparently different 
from the mortality for the patients with isch- 
emic papillary muscle dysfunction, but is 
similar to the 3% (1/31) mortality in our series of 
patients with mitral stenosis or mixed lesions 
who underwent the combined operation [2]. 
The long-term prognosis for patients surviving 
operation for mitral regurgitation due to coro- 
nary artery disease is less satisfactory than for 
those patients operated on for rheumatic mitral 
disease or other mitral valve abnormalities asso- 
ciateé with coronary artery disease—or than for 
patients undergoing operation for aortic valve 
disease and coronary artery disease, with or 
without CABG. Among our 29 patients with 
papillary muscle dysfunction and coronary ar- 
terv disease, there were 24 hospital survivors, 
but the three-year survival rate for these pa- 
tients was only 50%. 

I agree with Dr. DiSesa and his colleagues 
that mitral regurgitation combined with coro- 
nary artery disease has a high operative mor- 
tality. However, more information is needed to 
assess when operation can be performed at a 
low mortality in some patients with nonisch- 
emic mitral regurgitation, or at a high risk in 
other patients with ischemic myopathy and 
mitral valve disease. A more precise determi- 
nation of the etiological and pathological pro- 
cesses observed in the mitral valve should be 
attempted. Although I wonder whether this 
can ke done preoperatively, I believe that it 
certainly should be done intraoperatively for 
retrospective analysis. 
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ORIGINAL ARTICLES 


Determinants of Operative Survival 
Following Combined Mitral Valve 
Replacement and Coronary Revascularization 


Verdi J. DiSesa, M.D., Lawrence H. Cohn, M.D., John J. Collins, Jr., M.D., 
J. Kenneth Koster, Jr., M.D., and Stephen VanDevanter, M.D. 


ABSTRACT To determine the operative survival 
rate following combined mitral valve replacement 
(MVR) and coronary artery bypass graft (CABG) op- 
eration, we evaluated 100 patients, who were seen 
consecutively at the Peter Bent Brigham and 
Brigham and Women’s Hospital from 1972 to 1981. 
There were 63 men and 37 women; the mean age was 
62 years. Thirty-six patients were in New York Heart 
Association (NYHA) Functional Class III, and 64 were 
in Functional Class IV. Mitral regurgitation was pre- 
dominant in 76 patients; mitral stenosis, in 24. 
Emergency operations were performed in 15 pa- 
tients, and elective or semielective operations were 
performed in 85. 

There were 18 operative deaths (18%): 9 in patients 
having elective operations (10.5%) and 9 in those 
having emergency operations (60%; p < 0.01). Sig- 
nificant preoperative factors related to operative 
death were NYHA functional class, increased pul- 
monary vascular resistance, lower cardiac index, and 
lower ejection fraction in the nonsurvivors. The rate 
of survival did not differ according to sex, age, or 
degree of coronary artery disease. In addition, 
myocardial protection with potassium cardioplegia 
and complete coronary revascularization signifi- 
cantly reduced operative mortality in the elective 
group of patients but did not alter the mortality in 
` the emergency group. 


‘Combined mitral valve replacement (MVR) and 
coronary artery bypass graft (CABG) operation 
has the highest associated early mortality of any 
commonly performed procedure for acquired 
heart disease [1-4]. The Collaborative Study in 
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Coronary Artery Surgery (CASS) [1] recently 
reported an operative mortality of 23.7% for 
combined MVR and CABG operation per- 
formed at 15 institutions from 1975 to 1980. To 
identify determinants of operative mortality in 
this high-risk subgroup of patients, we studied 
the clinical and hemodynamic characteristics of 
patients undergoing combined MVR and CABG 
operation at the Brigham and Women’s Hospi- 
tal in Boston. 


Materials and Methods 
We reviewed the hospital records of 100 pa- 
tients who were seen consecutively and who 
underwent combined MVR and CABG opera- 
tion at our hospital between 1972 and 1981. All 
patients but 1 were catheterized preoperatively. 
Variables noted were age; sex; New York Heart 
Association (NYHA) functional class; etiology 
of mitral valve disease (rheumatic or ischemic); 
primary mechanical lesion (mitral regurgitation 
or mitral stenosis); extent of coronary artery 
disease; preoperative pulmonary artery pres- 
sure (PAP); pulmonary vascular resistance 
(PVR); ejection fraction (EF); and cardiac index 
(CI). Procedures performed in patients in car- 
diogenic shock or having severely low cardiac 
output at the time of operation were considered 
emergencies, while all others were considered 
elective operations. Operative techniques in- 
cluded double caval cannulation; ascending 
aortic cannulation; distal anastomoses (done 
with topical hypothermia from 1972 to 1977, 
and with the addition of potassium cardio- 
plegia since then); valve replacement using sim- 
ple mattress sutures; release of cross-clamping; 
and anastomoses constructed during reperfu- 
sion. ; 
Completeness of coronary revascularization, 
method of myocardial preservation, and myo- 
cardial ischemia time were recorded. These 
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factors were tabulated for survivors and non- 
survivors, and operative mortality was com- 
pared using the chi-square test of significance. 
Mean (+ standard error) PAP, PVR, EF, and CI 
were also calculated for survivors and nonsur- 
vivors, and the values were compared. statisti- 
cally using Student's t test for nonpaired data. 


Results 

The patient population consisted of 63 men and 
37 women, ranging in age from 33 to 80 years 
(mean, 62 years). Thirty-six patients were in 
NYHA Functional Class HI, and 64 were in Class 
IV. Rheumatic disease was the causative factor 
in 45 patients; coronary disease, in 55. Mitral 
regurgitation was predominant in 76 patients, 
while 24 patients had mitral stenosis (Table 1). 
Emergency operations were performed in 15 
patients, and elective or semielective opera- 
tions were done in 85 {see Table 1). Prosthetic 
disc valves were used in 31 patients; porcine 
bioprosthetic valves were used in 69. 

Eighteen operative deaths (18%) occurred: 9 
in the 85 patients who had elective operations 
(10.6%) and 9 in the 15 who had emergency op- 
erations (60%) (p < 0.01). Table 2 summarizes 
operative mortality by etiology, functional 
class, and valve lesion. Mortality was the same 
for patients with coronary artery disease (10/55, 
18.2%) and rheumatic valve disease (8/45, 
17.8%), although no patient with rheumatic 
mitral stenosis required emergency operation. 
All of the patients who died were in NYHA 
Class IV preoperatively. Mortality was higher in 
patients with regurgitant valve lesions (16/76, 
21.1%) than in those with stenotic valve lesions 
(2/24, 8.3%); however, this difference was not 
significant. Mortality was not statistically dif- 
ferent for men or women; 14 men died (22.2%), 
and 4 women died (10.8%). The causes of oper- 
ative death included perioperative myocardial 
infarction in 9 patients, low cardiac output in 5, 
arrhythmia in 2, irreversible pulmonary vascu- 
lar disease in 1, and hemorrhage in 1. The mean 
age for survivors as well as nonsurvivors was 62 
years. 

Hemodynamic measurements made in sur- 
vivors and nonsurvivors are summarized in 
Table 3. The mean PAP was similar in 80 sur- 
vivors (38 + 2 mm Hg) and 17 nonsurvivors (40 


Table 1. Clinical Data on 100 Patients Undergoing 
Combined Mitral Valve Replacement and Coronary 
Revascularization at the Brigham and Women's 
Hospital (1972-1981) 


No. of 

Characteristic Patients 
Sex? 63 M, 37 F 
Functional class® 

Il 36 

IV 64 
Etiology 

Ccronary artery disease 55 

Rheumatic heart disease 45 
Predominant lesion 

Mitral regurgitation 76 

Mitral stenosis 24 
Timing of operation 

Elective 85 

Emergency 15 
Type of valve implanted 

Prosthetic disc 31 

Porcine bioprosthesis 69 


"Mean age of this group of patients was 62 years (range, 33 
to 80 wears). 
>Based on New York Heart Association criteria. 


+3 mm Hg); this difference was not statistically 
significant. However, PVR was 299 + 30 
dynes/seciem™ in the 75 survivors in whom it 
was measured preoperatively compared with 
481 + 95 in 14 patients who died (p < 0.05). 
Seventy-three survivors had a CI of 2.4 + 0.1 
L/min/m?, which was higher than the CI of 1.8 
+ 0.1 in 14 nonsurvivors (p < 0.01). Likewise, 
EF was significantly better in 64 survivors (0.57 
+ 0.02) than in 14 nonsurvivors (0.38 + 0.04) (p 
< 0.01). 

Variables of systolic pump function, EF, and 
CI were useful predictors of operative death 
(Table 4). Seven of 22 patients (31.8%) with a CI 
lower than 1.8 died, compared with 6 of 65 
(9.2%) who had a CI of 1.8 or higher (p < 0.05). 
Likewise, 9 of 20 patients (45%) with an EF less 
than 0.40 died, while only 5 of 58 (8.6%) with 


an EF of 0.40 or greater did not survive opefacry , ; 


tion (p < 0.01). Pulmonary artery Pressus ea 
PVR were not statistically useful for pr hint, 
aaa however, there v was a on Rape? 
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Table 2. Relationship between Variables of Heart Disease and Operative Mortality 
for Combined Mitral Valve Replacement and Coronary Revascularization (N = 100) 








No. of No. of Mortality 
Variable ` Patients Deaths (%) Significance 
Coronary artery disease 55 10 18.2 
Rheumatic heart disease 45 8 17.8 NS 
Functional class* 
Ill 36 0 0 p <0.01 
IV 64 18 28.1 
Mitral regurgitation 76 16 21.1 
Mitral stenosis 24 2 8.3 NS 
Mitral regurgitation 
Due to coronary artery 55 10 18.2 
disease NS 
Due to rheumatic heart 21 6 28.6 
disease 
aBased on New York Heart Association criteria. 
NS = not significant. 
Table 3. Relationship between Hemodynamic Variables and Survival (N = 100) 
Variable Survivors Nonsurvivors Significance 
Pulmonary artery 38 + 28 40 + 34 NS 
pressure (mm Hg) 
Pulmonary vascular 299 + 30° 481 + 95% p < 0.05 
resistance (dynes/sec/em™*}) 
Cardiac index 2.4 +£0.18 1.8 +0.14 p < 0.01 
(L/min/m?) 
Ejection fraction 0.57 + 0.027 0.38 + 0.04 p < 0.01 


aValues are expressed as mean + standard error of the mean. 


NS = not significant. 


PAP of 30 mm Hg or higher and a PVR of 250 
dynes/secicm™ or less. Eight of 40 patients (20%) 
aged 60 years or younger died. This rate was 
similar to the 16.7% mortality encountered in 
10 of 60 patients less than 60 years of age, and 
was not statistically significant. 

Myocardial protection with local cardiac 
hypothermia alone was used in the first 36 pa- 
tients in this series, who were seen from 
January, 1972, to September, 1977. In October, 
1977, we began to use potassium cardioplegia 

-(30 mEq/L) in addition to local hypothermia 
(Table 5). There were 10 deaths (27.8%) in the 
36 patients treated without cardioplegia, and 8 
deaths (12.5%) in the 64 patients treated with 
cardioplegia; this difference was not statisti- 


cally significant. There were 7 deaths in 30 pa- 
tients who had elective operations without 
cardioplegia—an operative mortality of 23.3%. 
In contrast, there were only 2 deaths (3.6%) in 
the subsequent 55 patients who had elective 
operations using both local hypothermia and 
cardioplegia (p < 0.02). Myocardial ischemia 
times were similar for both elective operation 
groups: 96 minutes and 85 minutes, respec- 
tively. Intraaortic balloon-catheter pumping 
was used preoperatively in 4 of the 15 
emergency patients, all of whom died. This 
procedure was used intraoperatively in 10 pa- 
tients who had emergency operations, with 5 
survivors. 

Patients undergoing complete coronary re- 
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Table 4. Relationship of Age and Hemodynamic Variables to Operative Mortality (N = 100) 











No. of No. of Mortality 
Variable Patients Deaths (%) Significance 
Age (yr) 
<60 40 8 20.0 
260 60 10 16.7 on 
Pulmonary artery 
pressure (mm Hg) 
<30 26 3 11.5 
230 71 14 19.7 NS 
Pulmonary vascular 
resistance 
(dynes/secicem™) 
<250 48 5 10.4 
2250 ` 41 9 21.9 NS 
Cardiac index 
(Limin/m?) 
<1.8 22 7 31.8 
21.8 65 6 92 p < 0.03 
Ejection fraction 
<0.40 . 20. 9 45.0 
20.40 58 5 86 p < 0.01 
NS = not significant. 
Table 5. Relationship of Surgical Technique to Operative Mortality (N = 100) 
No. of No.of Mortality 
Variable Patients Deaths (%) Significance 
Timing of operation 
Elective 85 9 10.6 
<0. 
Emergency 15 9 60.0 PRONS 
Myocardial preservation 
No CP 36 10 27.8 NS 
CP added 64 8 12.5 
No CP (elective) 30 7 23.3 
<U. 
CP added (elective) 55 2 3.6 pno 
Revascularization 
ratio (VG/VD) 
z=1° 78 12 15.4 : 
s1” 22 6 27.3 Ne 
21° (elective) : 64 4 6.3 
<1" (elective) a 5 23.8 PS 


*Complete coronary revascularization (VG/VD 2 1). 
*Incomplete coronary revascularization (VG/VD 1). 


CP = cardioplegia; VG = number of vessels grafted; VD = number of vessels diseased; NS = not significant. 


486 The Annals of Thoracic Surgery Vol34 No5 November 1982 


vascularization had an operative mortality of 
15.4% (12/78). There were 6 deaths (27.3%) in 
the 22 patients who had incomplete coronary 
revascularization. This difference was not 
statistically significant. However, 4 of 64 (6.3%) 
patients having elective operations died after 
. complete revascularization, and 5 of 21 patients 
(23.8%) died after incomplete revascularization 
(p < 0.05). 


Comment 

The results obtained in this series as well as 
those given in the CASS report [1] document 
the high risk of combined MVR and CABG op- 
eration. Nearly 1 in 5 of our patients died fol- 
lowing combined MVR and CABG operation, 
and almost one-quarter of the CASS patients 
died. In contrast, the mortality for isolated MVR 
performed at the Brigham and Women’s Hos- 
pital over the same period was only 6.4% (19/ 
295). The simultaneous processes of mitral 
valve and coronary artery disease clearly con- 
tribute to the higher mortality for the combined 
procedures [2]. To better understand this high 
mortality rate, we assessed factors that might be 
determinants of operative survival following 
combined MVR and CABG operation. Our con- 
clusions are based on review of a series of pa- 
tients seen consecutively and referred for com- 
bined MVR and CABG operation. The review is 
retrospective and uncontrolled. Nonetheless, 
this series represents the unselected experience 
of a tertiary cardiac surgical referral center in 
the management of this difficult pathological 
entity. 

The urgency of operation has a clear impact 
on operative survival [1]. Mortality rises ap- 
preciably when an operation must be per- 
formed as an emergency on a critically unstable 
patient; the mortality rate was six times higher 
when the operation could not be done elec- 
tively. The inherently unstable patient with 
postinfarction mitral insufficiency is at in- 
creased risk [1, 3]. In general, patients whose 
mitral valve dysfunction stems from coronary 
artery disease have emergency operations more 
often and therefore do less well [1]. However, in 
our series, the overall operative mortality was 
the same for all dysfunctions, regardless of 
etiology. In contrast to findings of other studies 


[4, 5], increased age was not associated with 
higher mortality in our patients. However, in- 
capacitating symptoms—presumably a reflec- 
tion of severe cardiopulmonary dysfunction— 
did lead to significant mortality: the only 
deaths were in patients in NYHA Functional 
Class IV. 

Several reports [6-10] have documented the 
associated risks of severely deranged hemo- 
dynamics in patients. with disease of both 
the mitral valve and coronary arteries. Pulmo- 
nary artery pressure is often elevated in pa- 
tients who have stenosis or insufficiency of the 
mitral valve. This reactive pulmonary vascular 
disease does not appear to affect operative 
mortality for isolated MVR [11, 12]. However, 
PVR may be more reliable than PAP as an indi- 
cator of the extent of cardiopulmonary dys- 
function, at least insofar as it plays a role in al- 
tering operative survival following combined 
MVR and CABG. In our series, the mortality 
was in fact higher in patients with a PVR of 250 
or more (see Table 4), but this difference was 
not statistically significant. However, the mean 
PVR in nonsurvivors was significantly higher 
than in those who survived operation. This 
may reflect the severity of both the mitral valve 
lesion and left ventricular dysfunction, since 
PVR depends on the pressure drop across the 
lungs as well as on the cardiac output. 

Ejection fraction is a reasonable predictor of 
mortality and morbidity after open-heart oper- 
ation [13]. Cohn and associates [14] have 
suggested that an EF more than two standard 
deviations below normal is a more accurate 
predictor of operative death than either in- 
creased left ventricular end-diastolic pressure 
(LVEDP) or decreased CI. In our series, nonsur- 
vivors had significantly lower EF and CI than 
did those who had good results immediately 
after operation. 

A number of investigations have highlighted 
the importance of other estimates of left ven- 
tricular function as determinants of operative 
mortality following heart operation [1, 4, 15]. 
Hammerstein and co-workers [5] concluded 
that clinical state (NYHA functional class), se- 
verity of coronary artery disease as assessed by | 
coronary score, and CI below 2.0 were not valid 
predictors cf an unfavorable result. The single 
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most important characteristic of nonsurvivors 
in their study was an EF less than 0.33. Elevated 
end-diastolic volume and LVEDP were also as- 
sociated with increased risk. In a multivariate 
analysis of risk factors in patients undergo- 
ing coronary revascularization, Loop and col- 
leagues [16] found congestive heart failure, 
multivessel coronary artery disease, abnormal 
left ventricular wall motion, and increased 
LVEDP to be harbingers of an unfavorable re- 
sult after CABG operation. When EF was less 
than 0.40, mortality increased, both in our pa- 
tients and in others [4, 15]. A CI of 1.8 L/min/m? 
falls below accepted norms [17]. However, the 
majority of our patients had a CI less than 2.5 
Limin/m’ (mean CI, 1.8 L/min/m’), reflecting a 
significant loss of ventricular pump function. 
Therefore, a CI of 1.8 L/min/m? was selected as 
the cut-off point for statistical analysis in this 
high-risk group of patients. 

The extent of coronary disease and of revas- 
cularization may affect operative mortality [8, 


17, 18]; this is logically related to the extent of. 


recoverable ventricular function after CABG 
operation. While there is controversy over the 
impact of total revascularization on operative 
mortality [5], many reports implicate the com- 
pleteness of revascularization as a determinant 
of operative survival [19]. In our series, the ab- 
solute number of vessels diseased did not affect 
mortality. However, incomplete revasculariza- 
tion did jeopardize the operative result. This 
may be a reflection of unreconstructable cor- 
onary anatomy associated with irretrievable 
losses in ventricular function. Predictably, this 
difference was more marked in patients having 
elective operations. 

As loss of ventricular function clearly leads 
to increased mortality, its preservation during 
operation assumes critical importance [20, 21]. 
From January, 1972, until September, 1977, 
local myocardial hypothermia was the sole form 
of intraoperative cardiac protection used at the 
Brigham and Women’s Hospital [22-24]. Since 
September, 1977, we have employed multidose 
potassium cardioplegia as well as topical 
hypothermia. There are abundant experimental 
and clinical data that affirm the superiority of 
this form of myocardial protection [25-29]. Our 
data clearly support the contention that potas- 


sium cardioplegia significantly enhances survi- 
val after elective MVR combined with CABG 
operation. This effect is independent of 
myocardial ischemia times, which were the 
same in the two groups of patients. Emergency 
operations, however, blunt the efficacy of this 
present form of myocardial protection, as many 
of these patients have lost or are in the midst of 
losing a substantial amount of myocardium due 
to infarction. This suggests a need for improved 
myocardial protection, such as blood cardio- 
plegia [30], or the addition of the calcium- 
blocking agent nifedipine [31] and routine pre- 
operative intraaortic balloon counterpulsation 
[32]. 

In conclusion, we have analyzed several vari- 
ables that affect operative survival following 
combined MVR and CABG operation. Critical 
instability leading to emergency valve replace- 
ment and myocardial revascularization ad- 
versely affects survival. Potassium cardioplegia 
and complete coronary revascularization im- 
prove survival in patients undergoing elective 
MVR combined with CABG operation. Altera- 
tions in cardiopulmonary hemodynamics, as 
reflected by severe functional limitations, in- 
creased PVR, decreased CI, and decreased EF, 
cor.tribute to operative mortality. Future im- 
pravement in mortality after combined MVR 
and CABG will result from earlier operative 
intervention and even better intraoperative 
myocardial protection. 


Supported in part by the Brigham Surgical Group 
Foundation, Inc. 
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Discussion 

DR. BRUCE W. LYTLE (Cleveland, OH): Dr. DiSesa 
and his co-workers have identified the need for 
emergency operation as a major factor in increasing 
the operative mortality in their series of patients who 
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underwent combined MVR and CABG operation. As 
part of their analysis of operative variables, they 
have logically separated emergency and elective op- 
erations, for the presence of a physiological de- 
rangement severe enough to indicate emergency op- 
eration is the dominating variable here. Once it is 
eliminated, the favorable influences exerted by cold 
cardioplegia and complete revascularization on oper- 
ative mortality become more apparent. However, 
when Dr. DiSesa and associates examined preopera- 
tive hemodynamic variables, such as EF, PVR, and 
CI, they combined emergency and elective opera- 
tions. My first question is: Are the mean values of 
these variables still significantly different for sur- 
vivors and nonsurvivors if.elective operations alone 
are considered? 

Review of our own experience with combined 
MVR and CABG operation at the Cleveland Clinic 
Foundation shows that 323 patients had this opera- 
tion from 1970 through 1981, with an overall opera- 
tive mortality of 8.4%. Ischemic arrest was used 
intraoperatively in 200 patients, with a 10% mortal- 
ity, and cardioplegia was used in 123 patients, witha 
5.7% mortality. These differences are not yet statisti- 
cally significant. 

Other variables were considered, including patient 
age and the presence of left main coronary obstruc- 
tion of 70% or greater. These variables tended to in- 
crease mortality, but the differences were not statisti- 
cally significant. However, patients with severe left 
ventricular dysfunction preoperatively had a higher 
operative mortality (20%) than did the rest of the 
group (7%) (p < 0.05). Variables influential in other 
studies but associated with no trends in our date in- 
cluded the sex of the patient, whether complete or 
incomplete revascularization was done, and the 
number of coronary arteries substantially obstructed. 
I would like to ask the authors what the distribution 
of their patient population was in terms of number of 
vessels having major disease, and whether the extent 
of disease or left main coronary artery obstruction 
had any influence on mortality. 

It seems clear that left ventricular function is a 
major determinant of early survival and that car- 
dioplegia is a valuable aid in the mag manage- 
ment of these complex cases. 


DR. SANG BOCK PARK (Pittsburgh, PA): At the Al- 
legheny General Hospital in Pittsburgh, we are now 
in the process of studying nifedipine cardioplegia. 
Earlier we used nifedipine cardioplegia in a group of 
patients who were considered at high risk because of 
the magnitude of the surgery required or because of 
their poor ventricular function. We compared the re- 
sult with a control group in whom only potassium 
cardioplegia was used. The results are very en- 
couraging; the preliminary results have shown a 
much higher myocardial adenosine triphosphate 


level and a much lower myocardial water content. In 
addition, improved left ventricular pressure rise and 
ejection fraction have been observed. This difference 
is particularly significant when the cross-clamp time 
is extended beyond one hour. 


ER. HASSAN NAJAFI (Chicago, IL): I would like to ask 
two questions. First, were there any patients in this 
series who needed aneurysmectomy or another type 
of ventricular resection in addition to MVR and 
CABG operation? If so, please give the number and 
the results. 

At our hospital, we painfully remove every bit of 
visible bubbling from the line employed to infuse or 
perfuse the aortic root with potassium cardioplegia 


solution. After 20 or 30 minutes, when the aorta has 


teen clamped, air enters the aortic root through the 
incompetent aortic valve. We now want to reinfuse 
or perfuse the. aortic root, but there is a certain 
amount of air in the ascending aorta. Dr. DiSesa, do 
you take any precautions to remove this air? Is it im- 
portant to remove it? If not, why do we spend so 
much time clearing the line with microbubbles? 


DR. DISESA: I thank the discussants for their com- 
ments. 

In answer to Dr. Lytle’s questions, we did look at 
the preoperative hemodynamic variables, separating 
the elective from the emergency patients, and the 
same trend of differences was observed. This is pre- 
dictable, as one would expect patients with more se- 
ver2 preoperative systolic pump dysfunction to do 
less well than those with better ventricular function. 
However, the differences were not as notable as 
those that appeared when the entire group was 
studied. I enjoyed Dr. Lytle’s presentation of his re- 
sults. 

We think that while patients with more deranged 
ventricular function appear to do more poorly as a 
group, systolic rather than diastolic variables are 
most important in assessing risk preoperatively. We 
did look at the effect of number of vessels diseased 
on the outcome, but no correlation was seen. 

In response to Dr. Park’s comments, we think that 
the most important conclusion to be drawn from 
analysis of our data is the importance of myocardial 
preservation and the need for further work in the de- 
velopment of preservation solutions to improve re- 
sults in these very ill patients. 

In answer to Dr. Najafi’s first question, 12 patients 
uncerwent left ventricular aneurysmectomy as well 
as MVR and CABG operation, with five operative 
deaths. Four of these deaths were in patients under- 
going emergency operations. In answer to his second 
question about microbubbles in the cardioplegia 
line, during reinfusion of cardioplegic solution, we 
are as compulsive about removing air as we are dur- 
ing initial infusion of the solution. 
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Left Anterior Descending Coronary Arteries 
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ABSTRACT Flow was determined by elec- 
tromagnetic flowmeter in vein bypass grafts on 20 
patients with a totally occluded left anterior de- 
scending (LAD) coronary artery and on 61 patients 
with a partially occluded LAD. The median flow in 
LAD grafts was 14.5 ml/min with total LAD occlu- 
sion, and.40 ml/min with partial LAD occlusion (p < 
0.001). 

In cases of total LAD occlusion, the presence of 
mild or moderate anteroseptal wall dysfunction was 
associated with more satisfactory flow than was the 
case with severe anteroseptal wall dysfunction (p < 
0.02). Flows over 25 ml/min were found only when 
the LAD distal to total occlusion was 1.5 mm or 
greater. 

Unsatisfactory flows were consistently found with 
total LAD occlusion, poor ventricular function, and a 
distal LAD less than 1.5 mm. Repeat catheterizations 
to determine an unsatisfactory patency rate under 
these conditions would be necessary to alter our 
policy of grafting all suitable vessels beyond a total 
occlusion, 


The success of myocardial revascularization is 
theoretically dependent on the flow achieved in 
coronary artery bypass grafts. Good flow may 
result in a gratifying clinical response, while an 
unsatisfactory flow places a graft at risk for oc- 
clusion [1-3]. ; f 

Some of the determinants of blood flow are 
well recognized. The condition of the myocar- 
dium in the area of the vessel grafted is impor- 
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tant. A graft <o a major vessel such as the left 
anterior descending (LAD) coronary artery may 
have a greater flow than a small branch [3]. One 
factor in determining ‘blood flow that has not 
received much attention is the presence of par- 
tial or total occlusion of a vessel to be grafted. 
Data presented in this study indicates the im- 
portance of total obstruction in limiting graft 
flow. 

Understanding determinants of blood flow in 
grafts may be of practical importance. One must 
decide whether conditions are such that a poor 
flow is acceptable at the end of an operation. At 
times, returning to cardiopulmonary bypass to 
inspect an anastomosis or probe a vein graft 
may be indicated. 


Materials and Methods 

From January, 1979, to April, 1980, an elec- 
tromagnetic square-wave flowmeter was ap- 
plied to the vein grafts of 81 singly grafted 
LAD arteries in patients who survived opera- 
tion without the need for intraaortic balloon 
pump support. Flow determinations were made 
following termination of cardiopulmonary by- 
pass once the systolic pressure was over 90 
mm Hg. 

Flow probes used were 10 or 12 mm in size, 
depending on vein graft caliber. The probes 
had been previously calibrated by the man- 
ufacturer.* The flowmeter was balanced with 
both the probe and the ground immersed in 
saline. It was frequently necessary to wipe the 
tip of the electrode with a sponge to achieve 
satisfactory balancing. On several occasions, 
flows were determined by more than one probe 
when the results from the first probe were not 
expected. 

Of the 81 LAD arteries grafted, 20 were totally 


*Carolina Medical Electronics, Inc., King, NC 27021. 
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occluded (Group A) and 61 were partially 
occluded (Group B). Because the flows in Group 
A were not normally distributed (they were 
skewed toward the lower flows), the Wilcoxon 
rank sum test was applied to determine statisti- 
cal significance. 

The preoperative ventriculograms were re- 
viewed for the cases in Group A. Ventricular 
function in the anteroseptal region was charac- 
terized as either mild to moderate or severe 
dysfunction. The Wilcoxon rank sum was used 
to compare flows with the presence or absence 
of severe dysfunction. On the angiograms from 
Group A, filling of the LAD from circumflex or 
right collateral branches, early or late filling of 
the distal LAD through collaterals, and relative 
opacification of the distal LAD were seen. 

At operation it was noted whether the LAD 
distal to the obstruction easily accepted the 1.5 
mm probe. The Wilcoxon rank sum test was 
applied to flows through vessels greater and 
less than 1.5 mm in diameter. 


Results 

The median flow in LAD grafts in Group A was 
14.5 ml/min (range, 0 to 130), and the median 
flow in LAD grafts in Group B was 40 ml/min 
(range, 0 to 102). The difference was signifi- 
cant (p < 0.001) (Fig 1). 

The average number of grafts per patient was 
3.3 in Group A and 2.9 in Group B. The mean 
total graft flow was 72 ml/min in Group A and 
103 ml/min in Group B. In Group A, the non- 
LAD graft flow failed to compensate for the di- 
minished LAD graft flow to make the total flows 
equal in the two groups. 

In Group A, median graft flow in the pres- 
ence of severe segmental dysfunction was 12 
ml/min and the median flow without severe 
segmental dysfunction was 27 ml/min (p < 0.02) 
(Fig 2). In Group A, flows over 25 ml/min were 
obtained only when the distal LAD was greater 
than 1.5 mm in diameter (Fig 3). Distal vessel 
size did not assure good flow, however, as low 
flows were present in several instances when 
the size of the distal vessel was greater than 1.5 
mm. 

Not found to correlate with LAD graft flows 
were early versus late filling of the distal LAD, 
relative opacity of contrast medium in the distal 
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Fig 1. Flow in LAD grafts in the presence of total and 
partial LAD occlusion. 
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Fig 2. Flow in LAD grafts distal to total LAD occlusion 
in the presence of severe dysfunction and mild to mod- 
erate dysfunction in the anteroseptal region. 
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Fig 3. Flow in LAD grafts distal to total LAD occlusion 
in vessels less than and greater than 1.5 mm in caliber. 
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LAD, and filling of the distal LAD from right or 
circumflex coronary systems. 

The highest LAD graft flow in the series was 
130 ml/min. This occurred in a patient with total 
LAD occlusion who was operated upon on an 
emergency basis for sudden onset of preinfarc- 
tion angina. There was no evidence of injury, 
and the distal LAD was of good caliber. 


Comment 

Total occlusion of LAD arteries was associated 
in this series with a decreased flow in LAD 
bypass grafts. This finding differs from those of 
Greenfield and associates [4], whose obser- 
vations some years ago suggested no difference 
in flow with total occlusion of coronary arteries. 

The best indicator of satisfactory graft flow in 
the presence of total LAD occlusion was ven- 
tricular function. The next best indicator was 
size of the distal vessel. It seemed that good 
collateral circulation to the LAD region tended 
to maintain a distal LAD of good caliber, 
whereas poor collateral circulation to the LAD 
region was associated with a diminution in 
caliber of the distal vessel. 

That collateral circulation distal to total occlu- 
sion is often poor was well documented in 
radionuclide studies by Oldham and co- 
workers [5]. Our study suggests the same. In 
© the presence of total LAD occlusion, there was 
no measurable increase in circumflex and right 
coronary graft flows in comparison with right 
and circumflex graft flows when the LAD was 
only partially occluded; this suggests that the 
transition from partial to total occlusion may 
not always be a strong stimulus for the de- 
velopment of collateral circulation. The fact that 
right and circumflex graft flows tended to be 
lower in cases of total LAD occlusion seems to 


indicate that the atherosclerotic process was 
generally more advanced in cases of total LAD 
occlusion. 

Total LAD ccclusion might exert its effect on 
graft flows through poor function and small 
distal vessels. The difference in flows between 
partial and total LAD occlusion may be ex- 
plained by the difference in incidence of poor 
function and small distal vessels in the two 
conditions. Further analysis of flows in patients 
with partial LAD occlusion would be necessary 
to establish this point. 

Whether patency of bypass grafts can be 
sustained under conditions of total occlusion 
and low flow must be questioned. Until graft 
failure under these conditions is determined 
by repeat catheterizations, however, we will 
maintain a policy of grafting any suitable vessel 
beyond a high-grade or total obstruction. 
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Percutaneous Transluminal 


Coronary Angioplasty: Role of the Surgeon 
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ABSTRACT Overa recent one-year period, 339 pa- 
tients underwent percutaneous transluminal coro- 
nary angioplasty (PTCA) and were compared with 
338 patients having isolated coronary artery bypass 
surgery. Patients undergoing PTCA had a shorter 
duration of angina, a lower number of prior 
myocardial infarctions, and better left ventricular 
function (p < 0.01); PTCA was considered ini- 
tially successful in 87%" (295/339) of patients. 
Repeat angioplasty was performed in 10% of pa- 
tients (34/339), with a successful outcome in all but 
1. The most common finding at operation in those 
with failed angioplasty and urgent or emergency re- 
vascularization was dissection of an atheromatous 
plaque. There were 28 early failures (operation per- 
formed within 24 hours) and 24 late failures (opera- 
tion at more than 24 hours), for early and late failure 
rates of 8.3% and 7.1%, respectively. Although the 
cumulative frequency of new Q-waves in the entire 
angioplasty series was low (2.7%), the incidence was 
high in those with angioplasty failure and sub- 
sequent operation (18%), and was significantly 
greater than in patients having elective coronary 
bypass (3.6%). Use of inotropic agents and lidocaine 
treatment for ventricular arrhythmias was also sig- 
nificantly higher in patients with unsuccessful 
PTCA who required operation than in those under- 
going elective bypass (10% versus 3% and 10% ver- 
sus 1.5%, respectively; p < 0.01). Eleven of the 28 
patients who were early failures were totally revas- 
cularized within 2 hours of angioplasty failure. Fa- 
cilities and staff available for expedient revasculari~ 
zation accounted for the low morbidity and lack of 
mortality in PTCA failures. 
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Sirce Grtintzig’s description and populariza- 
tion of percutaneous transluminal coronary an- 
gicplasty (PTCA) for the treatment of certain 
patients with arteriosclerotic coronary artery 
disease [1], there has been increasing interest in 
large-scale clinical application of the procedure 
in the United States and Europe. Development 
of PTCA has been of special interest to surgeons 
because of the supportive role surgery must 
play in cases of angioplasty failure and the po- 
tential impact of the procedure on the treatment 
of ischemic heart disease. 

For PTCA to be performed effectively and 
safely, the relationship between cardiologist 
and surgeon must be carefully defined. Initial 
enthusiasm for PTCA has been enormous. 
However, to be widely accepted and estab- 
lished as an important adjunct in the treatment 
of coronary artery disease, PTCA must be asso- 
ciated with very low morbidity and mortality, 
and favorably compare with the results now 
being obtained for coronary bypass. The pur- 
pose of this article is to review first-year experi- 
ence with PTCA and to establish the role of the 
surgeon as it has evolved at Emory University 
Hospital since large-scale clinical implementa- 
tion of coronary angioplasty began in October, 
1980. 


Clinical Material and Method 

Percutaneous transluminal coronary angio- 
plasty is performed by means of a double-lu- 
men balloon catheter introduced through the 
femoral artery by the Seldinger technique. The 
balloon is positioned in the coronary artery 
under fluoroscopic guidance, and continuous 
pressure is monitored at the catheter tip [1]. Be- 
cause the coronary arteries have sharp angula- 
ticns, a guiding catheter is first inserted into 
the affected orifice. The dilation catheter is ad- 
vanced into the stenosis, and the balloon is in- 
flated for 5 to 15 seconds under a pressure of 
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four to ten atmospheres, and then deflated and: 


withdrawn. The maximum outer diameter of 
the balloons measures 2.0, 3.0, and 3.7 mm for 
coronary arteries. Even with overpressuriza- 
tion, the outer diameter of the balloon will not 
exceed these limits, thus preventing overdis- 
tention of the uninvolved part of the vessel. 

Success of the procedure is determined by a 
decrease in the degree of obstruction on 
cineangiography, a reduction in the trans- 
stenotic pressure gradient, and disappearance 
of ischemia. During the dilation procedure, 
low-molecular-weight dextran is adminis- 
tered, along with a total of 10,000 IU of heparin, 
which is not neutralized upon completion of 
the procedure. Long-term anticoagulation with 
Coumadin or aspirin is started promptly fol- 
lowing the procedure and maintained for six 
months. In patients taking Coumadin, salicy- 
lates are discontinued when the prothrombin 
time is in therapeutic range. To prevent spasm, 
nitrates and calcium antagonists are also given 
during coronary dilation. 


Indications and Contraindications for PTCA 

As stated by Grtintzig and others [1, 2], candi- 
dates for PTCA should be sufficiently symp- 
tomatic to warrant coronary bypass surgery. 
Furthermore, they should have a short history 
of angina, preferably less than one year; in pa- 
tients with a longer history of pain, the stenosis 
may be too rigid to be dilated. The stenosis 
should be proximal, concentric, and short (less 
than 15 mm) and without extensive calcifica- 
tion. Patients with single-vessel disease repre- 
sent the best candidates for PTCA. In patients 
with multivessel disease, the PTCA procedure 
‘ carries a considerably higher risk, because 
these patients have difficulty increasing collat- 
eral flow should the angioplasty result in sud- 
den obstruction of a coronary artery. Contrain- 
dications to PTCA are numerous: long-standing 
angina with rigid or calcific stenosis, complete 
occlusion of the artery, or highly eccentric 
stenosis which can be penetrated easily by the 
balloon catheter. Furthermore, PTCA should 
not be attempted in tortuous or dilated coro- 
nary arteries, and it usually fails in distal 
stenoses where it is difficult to insert the 
catheter into a narrowed region. Occlusions in- 


volving major branch points, such as diagonal 
branches of the left anterior descending coro- 
nary or posterior descending branches of the 
right coronary artery, should not be dilated be- 
cause of compression of plaque into the adja- 
cent branch vessel. 


Clinical Materials 

Between October 1, 1980, and October 1, 1981, 
339 patients underwent PTCA at Emory Uni- 
versity Hospital. To evaluate and define the in- 
dications, patient profile, and results of the 
procedure, a control population of 338 patients 
having isolated coronary artery bypass grafting 
was matched with the angioplasty candidates ac- 
cording to date of operation and number of dis- 
eased vessels. Patients were not matched for 
specific vessel involvement. 


Protocol for Treating PTCA Failure 

Early failure of the angioplasty procedure was 
said to occur if the obstruction could not be 
reached with the balloon catheter, if the 
obstruction could not be crossed, or if the gra- 
dient or stenosis could not be reduced by more 
than 20%. Early failure requiring surgical inter- 
vention within 24 hours of angioplasty occurred 
when any patient developed clinical signs of 
decreased cardiac output, protracted pain of 
ischemic origin, or electrocardiographic changes 
of ischemia following or associated with the 
procedure. If signs of myocardial ischemia oc- 
curred, the patient was prepared for surgery 
and quickly taken to the operating room, where 
a standard coronary bypass operation was per- 
formed. Inability to achieve the desired ar- 
teriographic or pressure gradient response was 
not an indication for emergency or early bypass 
operation, except in a few patients at the begin- 
ning of the series. Late failure was defined as 
recurrent symptoms, recurrent cbjective signs 
of ischemia. or previous unsuccessful attempt 
at angioplasty in a symptomatic patient after 24 
hours. In these patients there was no urgency in 
revascularization, and they were scheduled for 
bypass grafting as an elective procedure. 

For purposes of discussion, unstable angina 
refers to any patient with a change in pattern of 
previously stable angina or anv patient with 
new onset cf chest pain, or to the occurrence of 


495 Jones et al: Percutaneous Transluminal Coronary Angicplasty 


rest pain thought to represent angina pectoris. 
The presence of transient electrocardiographic 
S-T segment and T-wave changes was not man- 
datory for a classification of unstable angina. 


Results 

Clinical Profile 

In a comparative analysis between the 339 pa- 
tients having PTCA and the control group of 
338 patients having elective coronary bypass 
surgery, there was no significant difference in 
the male to female ratio (79% male versus 80% 
female), but the patients in the control group 
were slightly older (mean age, 53 years versus 
56 years for the controls), the incidence of un- 
stable angina higher (78 versus 65%, p < 0.01), 
and duration of angina longer, averaging a little 
over two years for patients having elective 
coronary bypass versus slightly under one year 
for those having coronary angioplasty. Patients 
having angioplasty (N = 310) also had a lower 
incidence of electrocardiographic Q-waves than 
did elective (N = 276) bypass patients (15 versus 
22%, p < 0.05). 

Figure 1 depicts the increasing frequency 
with which PTCA has been performed at our 
institution over the last year. The greatest 
number of procedures was done during the 
latter part of the study period, averaging just 
under 50 cases per month. 


Catheterization Profile 
The left anterior descending coronary artery 
was the vessel most frequently dilated, and ac- 
counted for 70% of the coronary angioplasty 
procedures. Right coronary artery dilation was 
the second most frequently performed proce- 
dure, and the circumflex, third. Other dilations 
consisted of the left main, right coronary os- 
tium, and diagonal branch of the left anterior 
descending coronary artery (Fig 2). 
Single-vessel disease (75% or greater obstruc- 
tion of cross-sectional area) accounted for 92% 
of all patients in both the PTCA and surgical se- 
ries. The remainder of the frequency distribution 
for vessel disease can be seen in Table 1. The 
anterior descending, right, and circumflex coro- 
‘mary arteries were severely obstructed in 
63, 27, and 8% of patients in the angioplasty 
group and 59, 27, and 16% of patients in the 
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Fig 1. Number of percutaneous transluminal coronary 
angioplasty (PTCA) procedures per month, Emory Uni- 
versity Hospital. 
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Fig 2. Frequency of vessel location for PTCA in 328 pa- 
tients. Numbers in parentheses signify patients. (CCfx 
= circumflex coronary artery; RCA = right coronary 
artery; LAD = left anterior descending coronary artery; 
LMCA = left main coronary artery; diag = diagonal 
branch of the left anterior descending coronary artery.) 


control surgical group. Angiographic evidence 
of tetter left ventricular function was a finding 
in the angioplasty group. A higher incidence of 
hypokinesia, akinesia, and aneurysm forma- 
tion was found in the surgical control group 
(see Table 1). Although resting left ventricular 
end-diastolic pressure (LVEDP) was lower in 
the PTCA group, this did not achieve clinical 
significance (control LVEDP = 10.4 mm Hg). 
Left ventricular function determined by ejec- 
tion fraction did not distinguish a better out- 
come in the angioplasty versus the control 
group (Table 2). 
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Table 1. Extent of Vessel Disease and Left Ventricular Dysfunction in PTCA and Surgical Patients 


Characteristic 


Vessel disease 
Single-vessel disease 
Double-vessel disease 
Triple-vessel disease 


Left main coronary artery 
disease 


Left ventricular function® 
Normal 
Hypokinesia 
Akinesia 
Aneurysm 


PTCA Group 


89% (215/243) 
8% (20/243)? 
3% (8/243) 


Control Group 


92% (310/337) 
7% (23/337) 
< 1% (2/337) 
< 1% (2/337) 


73% (240/329) 

12% (40/329) 

14% (48/329) 
< 1% (1/329) 


*Hypokinesia, akinesia, and aneurysym present in one or more angiographic wall segments. 


Significance: p < 0.001. 


Table 2. Left Ventricular Function Determined by Ejection Fraction in PTCA and Surgical Patients 


Determination PTCA Group Control Group Significance 
Mean resting LVEDP 8.1 10.4 p < 0.0001 
Mean ejection fraction 0.65 0.64 NS 
Ejection fraction < 0.35 < 1% (1/223) 2.4% (7/292) NS 
LVEDP = left ventricular end-diastolic pressure; NS = not significant. 
Table 3. Comparison of Coronary Arteries Involved for PTCA anc Surgical Patients 
Characteristic PTCA Control Significance 
Mean diameter of artery involved 
LAD 2.3 2.1 p < 0.0001 
RCA 2.5 2.3 NS 
OM 1.9 2.0 NS 
PDA 1.8 1.8 NS 
Mean percent diameter stenosis 
Before PTCA 70 
After PTCA 27 
Mean pressure gradient (mm Hg) 
Before PTCA 43 
After PTCA 14 


LAD = left anterior descending coronary artery; RCA = right main coronary artery; OM = obtuse marginal branch; PDA = 


posterior descending coronary artery; NS = not significant. 


With the exception of the left anterior de- 
scending coronary artery, there was no statisti- 
cally significant difference in the sizes of the 
arteries involved for both PTCA and control 
groups. The percentage of vessel diameter that 
was stenosed prior to angioplasty was 70% ver- 
sus 27% following the procedure. This was as- 


sociated with a simultaneous mean pressure 
difference of 43 mm Hg prior to PTCA, reduced 
to 14 mm afterward (Table 3). 

Evaluation of the initial success rate of coro- 
nary angioplasty can be seen in Table 4. The 
procedure was initially successful in 87% of the 
angioplasty group. Of the 13% in which it was 
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Table 4. Initial Success Rate for PTCA Group 








Outcome No. of Patients 
Successful 87% (2951339)? 
Unsuccessful 


Unable to reach lesion 
Unable to cross lesion 


Unable to decrease gradi- 
ent or stenosis > 20% 


3% (10/339) 
6% (21/339) 
4% (13/339) 





Repeat angioplasty; frequency = 10% (34/339); success = 
97%. 


unsuccessful, the lesion could not be reached 
with the angioplasty catheter in 3%, the 
obstruction could not be crossed once the 
catheter was engaged in the lesion in 6%, and it 
was not possible to satisfactorily reduce the 
gradient or the stenosis more than the desired 
amount in 4%. Repeat coronary angioplasty was 
performed in 34 of the 339 patients and was 
successful on the second attempt in all but 1. 


Operative Results 

Forty-nine angioplasty failures were treated 
surgically at Emory University Hospital during 
the period October, 1980, to October, 1981. In 
addition, 3 patients who had unsatisfactory an- 
gioplasty underwent a later coronary bypass at 
another institution. Thus, there were 52 fail- 
ures, for a total first-year angioplasty failure 
rate of 15%. Of the patients with unsuccessful 
angioplasty treated at our institution, 28 had 
early failures and 21 had late failures. Early fail- 
ure of coronary angioplasty requiring surgical 
intervention, therefore, occurred in 8.3% of 
our patients (28/339). Severe hypotension and 
marked hemodynamic instability were present 
in 2 patients upon arrival in the operating room 
during the twelve-month period. This neces- 
sitated rapid institution of cardiopulmonary 
bypass to either stabilize or resuscitate the pa- 
tient. 

When compared to matched patients having 
elective coronary bypass surgery during this 
same period, those who had failed angioplasty 
showed a much higher incidence of single- 
vessel grafting and a much lower incidence of 
multivessel grafting, even though the patients 
were matched for hemodynamically important 
obstructions. Revascularization for angioplasty 
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Fig 3. Frequency distribution of grafting procedures for 
failed angioplasty and elective coronary artery bypass 
(CAB). (SCABG, DCABG, TCABG = single, double, 
and triple coronary artery bypass grafting, respectively; 
OR = operating room.) 


failure was performed on 7 patients who had 
undergone previous bypass surgery (Fig 3). 

Anatomical findings at the time of operation 
‘consisted of dissection of atheromatous plaque 
(8 patients), subepicardial hemorrhage or myo- 
cardial discoloration (6 patients), abnormal 
left ventricular wall motion (2 patients), in- 
travascular thrombus (1 patient), or diffuse dis- 
ease at the arteriotomy site (8 patients). Gross 
findings were unremarkable in the majority of 
patients (N = 37). 


Complications of Failed Angioplasty 

The perioperative incidence of new Q-waves, 
the incidence of need for inotropic agents, and 
the frequency of ventricular arrhythmias re- 
quiring treatment with lidocaine were signifi- 
cantly greater in patients who had a failed 
angioplasty and needed surgery than in the elec- 
tive coronary bypass group. In addition, mean 
creatine phosphokinase levels within the first 
24 hours after operation were significantly 
higher in the group with failed angioplasties. 
Although the frequency of new Q-waves 
perioperatively was quite high in the angio- 
plasty patients going on to surgery, the total in- 
cidence of new Q-waves after PTCA was only 
2.7% (Table 5). The frequency with which in- 
traaortic balloon pumping had to be used to 
stabilize the patient, either in the cardiac 
catheterization laboratory after angioplasty or 
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Table 5. Complications of PTCA 








Complication Failed PTCA Elective CAB Significance 
New. Q-waves* 18% (9/49) 3.6% (9/251) p < 0.01 
Inotropes needed 10% (5/49) 3.0% (10/338) p <0.01 
IABP needed 4% (2/49) 0.9% (3/338) NS 
Ventricular arrhythmia 10% (5/49) 1.5% (5/338) p < 0.001 
Elevated mean CPK (24 hr) 1,375 749 p < 0.05 





aCumulative frequency of new Q-waves after PTCA = 2.7% (9/339). 
CAB = coronary artery bypass; IABP = intraaortic balloon pumping; CPK = creatine phosphokinase. 


at some time in the perioperative period, was 
quite low and was required in only 2 of the 49 
angioplasty failures. This was not statistically 
different from the matched control group of 
elective coronary bypass patients (see Table 5). 

Table 6 compares complications of PTCA in 
both the early and late failures. As expected, the 
incidence of perioperative complications was 
higher in early PTCA failures than in those 


done at a later elective date. In the 28 patients’ 


having revascularization within 24 hours of 
angioplasty failure, the mean interval from ter- 
mination of the angioplasty procedure to com- 
pleted revascularization was 5 hours. In the 6 
who developed new Q-waves postoperatively, 
the average time between failed PTCA and 
revascularization was 124 minutes, compared 
with 190 minutes in 21 patients who had no 
new Q-waves. Four patients in this latter group 
had a PTCA-revascularization interval in ex- 
cess of 19 hours. In late failures (patients having 
bypass surgery more than 24 hours after PTCA) 
the mean interval from PTCA to revasculariza- 
tion was 30.4 days (range, 1 day to five months) 
(Fig 4). 


There were no hospital deaths in either the 
PTCA or elective coronary bypass groups. 
There was, however, 1 sudden death several 
months following PTCA as well as 6 late deaths 
following elective coronary bypass surgery over 
a three-year period. For comparison, the hos- 
pital mortali-y for all isolated coronary artery 
bypass operations performed at our institution 
between October, 1980, and October, 1981, was 
0.8% (9/1, 162 patients). 


Effect of PTCA on Generation of Patient Referrals 
In an effort to discern if the capability of coro- 
nary angioplasty had an appreciable effect on 
the referral of patients for either coronary ar- 
teriography or surgery, the number of patients 
having cardiac catheterization or isolated coro- 
nary artery bypass between October, 1979, and 
October, 1930 (2,983 and 1,085, respectively) 
was compared with the number having these 
same two procedures between October, 1980, 
and October, 1981 (2,954 and 1,162, respec- 
tively). There was no significant increase in 
these procedures during the two time periods. 
However, iz must be noted that both cardiac 


Table 6. Complications of PTCA for Early and Late Failures 


Early Failures 


Complication (N = 28) 


21% (6/28) 
14% (4/28) 
14% (4/28) 
21% (5/24) 


New Q-waves 
Inotropes needed 
Ventricular arrhythmia 
PCWP > 15 mm Hg 


PCWP = pulmonary capillary wedge pressure. 


Late Failures Cumulative 
(N = 21) (N = 49) 

14% (3/32) 18% (9/49) 
5% (1/21) 10% (5/49) 
5% (1/21) 10% (5/49) 


17% (3/18) 19% (8/42) 
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PTCA FAILURES | 
N = 49 


Early failure {= 24 hrs.) = 28 pts. 
™ interval from PTCA to revasc. = 5 hrs. 


new Q's no new O's 
(N = 6) (N = 21} with 4 pts. > 19 hrs. 
m = 124 min. m = 190 min. 





Late failures (> 24 hrs.) = 21 pts. 
m interval from PTCA to revasc. = 30.4 days 
(range = 1 d to § mos) _| 








Fig 4. Early and late PTCA failures requiring coronary 
bypass surgery. Mean interval from PTCA to revas- 
cularization is defined as time when coronary flow was 
restored (see text). In 1 patient, serial electrocardio- 
grams were not available for analysis. In 11 early fail- 
ures, revascularization was completed within 2 hours of 
PTCA failure. 


catheterization and operating room facilities 
were totally utilized during this period; there- 
fore, any potential increase in patient numbers 
may have been masked. Single coronary artery 
bypass was performed in 10% and 5.6% of pa- 
tients in the 1979-80 and the 1980-81 periods, 
respectively. 


Comment 

Since Griintzig’s original description of PTCA 
in a large clinical series, there have been 
numerous reports signifying great interest in 
development of the procedure [1-5]. For any 
new procedure to be generally accepted, it must 
be therapeutically effective and safe. As candi- 
dates for PTCA are more precisely defined over 
the ensuing years, coronary angioplasty may 
exert greater influence on the overall selection 
of patients who ultimately have coronary by- 
pass surgery. 

Although candidates for coronary angio- 
plasty in our patient population were matched 
according to vessel disease with patients hav- 
ing coronary bypass, the two groups were 
found to be very different in terms of their 
clinical profiles. Patients selected for coronary 
bypass were older and had a more unstable 
anginal pattern, a longer duration of angina 
pectoris, and a greater frequency of circum- 
flex coronary artery disease. In addition, pa- 
tients undergoing operation had a markedly 


greater incidence of angiographically demon- 
strated abnormalities of wall motion than did 
their angioplasty counterparts. These charac- 
teristics of candidates selected for coronary an- 
gioplasty undoubtedly influenced the high de- 
gree of success obtained with the procedure at 
our institution. 

Even though the incidence of angioplasty 
failure requiring early operation was found to 
be acceptably low (8.3%), it is imperative that 
surgical capability be available on short notice 
should any patient develop sudden signs of 
coronary embarrassment. Once experience with 
angioplasty was gained, an operating room was 
not held vacant during the procedure, but an- 
gioplasties were usually scheduled at a time of 
day when an operating room would soon be va- 
cated. Obviously, the more rooms available to a 
cardiac surgical service, the more options there 
are should difficulties arise. In our particular 
setting, four operating rooms are usually avail- 
able for cardiac surgical procedures. Severe 
hypotension and hemodynamic instability 
necessitating immediate removal of the patient 
from catheterization laboratory to operating 
room were seen in only 2 of the 28 early an- 
gioplasty failures. Low patient mortality and 
morbidity were attributed to rapid deployment 
of anesthesia and operating room person- 
nel even while maintaining a busy elective 
operating room schedule. Although not fre- 
quently used, intraaortic balloon pumping can 
effectively stabilize the very unstable patient 
until operating room space becomes available, 
especially when passage of the catheter across 
the obstructive lesion produces arterial spasm 
and acute distal ischemia. In this setting, sup- 
port using the intraaortic balloon allows time 
for the spasm to subside while hemodynamic 
stability is maintained prior to operative inter- 
vention. 

The discrepancy in the number of grafts per- 


formed in patients with failed angioplasty and 


those having elective coronary artery bypass 
(even though the two groups were matched for 
occlusive disease) meant that a larger number of 
patients in the surgery group had multiple but 
less than critical obstructive lesions, and these 
arteries were bypassed at the time of the opera- 
tion. 
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During our early experience, it was not clear 
which was the best method of handling previ- 
ous coronary bypass patients who had patent 
grafts to other arteries and were now candi- 
dates for angioplasty. There was great concern 
that should angioplasty fail and sudden 
hemodynamic instability ensue, it might be 
extremely difficult to rapidly stabilize the pa- 
tient on cardiopulmonary bypass because of 
extensive mediastinal adhesions. Seven pa- 
tients having previous coronary bypass surgery 
underwent coronary angioplasty and had a 
subsequent unsatisfactory result, but only 1 
presented special problems in surgical man- 
agement, requiring cardiopulmonary bypass 
instituted through the femoral artery and vein 
as the sternum was opened. The cardiovascular 
collapse in this individual was secondary to 
surgical damage to a patent left anterior de- 
scending coronary artery graft and was not a re- 
‘sult of the angioplasty procedure itself. 

In most cases, the gross operative findings 
following angioplasty failure were unremark- 
able. The most common observation was dis- 
section of an atheromatous plaque by the dila- 
tion catheter. Subepicardial hemorrhage or 
myocardial discoloration, and sometimes both, 
were found in some patients. A surprising 
finding in 8 patients was the extent and dif- 
fuseness of the atheromatous disease process at 
the arteriotomy site, which was usually located 
some distance distal to the site of dissection 
injury. This may imply that in spite of arterio- 
graphic evidence indicating the patient to be a 
satisfactory angioplasty candidate, in truth the 
disease process was too well established for ef- 
fective balloon dilation. Abnormal left ven- 
tricular wall motion and intravascular thrombus 
were other infrequently noticed findings at the 
time of operative intervention. 

Although the cumulative frequency of new 
Q-waves in the entire angioplasty series was 
quite low (2.7%), the incidence was high in 
those having angioplasty failure and surgery 
(18%), and this was significantly greater than in 
the group of patients having elective coronary 
bypass (3.6%). Although it was anticipated that 
the incidence of new Q-wave formation would 
be higher in the early than in the late angio- 
plasty failures, it was surprising to find that the 
incidence of new Q-waves in the latter was 


14%. Paralleling these perioperative electrocar- 
diographic changes was other evidence of acute 
myocardial embarrassment, such as a notable 
increase in inotropic requirements and ven- 
tricular arrhythmias requiring treatment in the 
early postoperative period. Because of the in- 
creased frequency of such complications over 
their control counterparts, it must be assumed 
that they developed as a consequence of the an- 
gioplasty procedure immediately preceding the 
operation. 

Although the mean interval from the end of 
PTCA to completion of myocardial revasculari- 
zation was 5 hours in the early failures, inter- 
pretation of the importance of this finding 
requires explanation. In 11 of the 28 early pa- 
tients who had unsuccessful angioplasties, re- 
vascularization was completed within 2 hours 
of angioplasty failure. Rapid, efficient revas- 
cularization using the facilities and personnel 
described have accounted for the relatively low 
morbidity and lack of mortality in PTCA fail- 
ures, and probably explains why no correlation 
could be found between development of new 
Q-waves perioperatively and the time interval 
from PTCA to revascularization. It is possible 
that had there been longer delays, the incidence 
of perioperative infarction would have been 
much higher. Under the conditions outlined, 
the 21 patients with early angioplasty failure 
and no evidence of Q-wave infarction probably 
represented those with preserved antegrade 
coronary flow, good collateral circulation, or 
much less myocardium at jeopardy. 

Late angioplasty failures consisted of those 
patients who had persistent anginal symptoms 
or objective signs of myocardial ischemia, or 
who subsequently developed such findings one 
or more days after balloon dilation. The average 
interval between angioplasty failure and oper- 
ation in these patients was one month. Repeat 
angioplasty following an initial failure, now a 
common practice, was performed in 10% of the 
entire series. Thus far, these repeat procedures 
have been extremely successful. 

The effect that PTCA might have on genera- 
tion of patient referrals was of interest to 
everyone. It was originally anticipated that the 
number of cardiac catheterizations and of oper- 
ative procedures would be appreciably in- 
creased once the procedure became available 
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and well known to referring physicians. For in- 
stance, it was thought that for a given number 
of patients referred by “conservative” car- 
diologists as possible candidates for coronary 
angioplasty, only a few would be true candi- 
dates, and the others would have coronary 
bypass surgery. At the time of this writing, that 
has not been the case. The number of patients 
referred for both coronary arteriography and 
coronary artery bypass surgery has been ap- 
proximately the same for the year immediately 
prior to implementation of PTCA and the year 
that coronary angioplasty has been actively 
employed. Our experience has been that most 
patients referred for coronary angioplasty have 
had coronary arteriography prior to their arri- 
val; moreover, the decision for angioplasty has 
been made previously, and the patient referred 
to our institution for that procedure alone. Al- 
though there have been a number of patients 
who are not ultimately angioplasty candidates 
and elect to have their operation at our institu- 
tion, there have been many who preferred to re- 
turn home for definitive surgical therapy. 

The excellent results obtained with coronary 
angioplasty can be attributed to careful patient 
selection, careful planning of the procedure it- 
self, the superb technical abilities of the three 
individuals performing the procedure at our in- 
stitution, and the ready availability of a rather 
large and experienced anesthesia and surgical 
staff. Coronary angioplasty has been an accept- 
able procedure at our institution only because 
the complication rate (specifically, the necessity 
for surgical intervention) has been low. If the 
failure rate were significantly higher, the pro- 
cedure would become an unacceptable psy- 
chological and physical burden on the surgi- 
cal service. Whether the experience of other 
groups will be as favorable as ours or whether 
balloon angioplasty will endure as an effective 
procedure awaits more widespread clinical 
trials. Our experience leads us to believe that 
when both PTCA and the surgical support sys- 
tem are organized as outlined, the future of an- 
gioplasty may be great indeed. 
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Discussion 

DR. MARKO I. TURINA (Zurich, Switzerland): Dr. Jones 
and his colleagues are to be commended for their 
most interesting presentation, and I thank the Soci- 
ety for the opportunity to discuss this manuscript. 

Percutaneous dilation of coronary stenosis fasci- 
nates cardiologists; it allows them to relieve angina 
by zugmenting the myocardial blood supply, instead 
of resorting to pharmacological manipulations aimed 
at reduction of myocardial oxygen consumption. 
Percutaneous transluminal coronary angioplasty is 
becoming established—but in what numbers, with 
what early and late results, in how many hands, and 
with what impact on cardiac surgery? 

Besides reporting results of PTCA in Atlanta, Dr. 
Jones addresses two main points: treatment of PTCA 
failure and comparison between coronary artery 
bypass grafting and PTCA in two matched, nonran- 
domized patient groups. Treatment of early failure 
necessitating immediate revascularization is indeed 
a straightforward, although tricky, surgical task, re- 
quiring some logistical effort and good will on the 
part of the surgical team. Our own incidence of 
emergency revascularization is 8%, the same as Dr. 
Jones’. There are really very few true emergencies: 
the patients who develop hemodynamic instability 
following complications of PTCA and who need im- 
mediate institution of cardiopulmonary bypass for 
stabilization (2 out of 28 in Dr. Jones’ series, 1 out of 
19 in our material). 

Dr. Jones’ average interval between the end of 
PTCA and surgical revascularization was 5 hours for 
early failure, and this interval appears long to me. 
Was the operation delayed because of the late onset 
of symptoms or uncertain diagnosis, or was it due to 
logistical reasons? 

Do Dr. Jones and his colleagues perform intraoper- 
ative dilation? Further, I would like to hear Dr. Jones’ 
opinion about the success of PTCA in stenosed coro- 
nary artery bypass grafts. Is the benefit sustained in 
this group of patients? In Zurich, we do not dilate 
stenosed bypass grafts. 

Utmost care should still be exercised in performing 
PICA. One of the lesser known complications is the 
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embolization of a healthy left anterior descending 
coronary artery with one or more catheter fragments 
following successful dilation of the circumflex artery. 
Immediately afterward, the angiogram shows an ob- 
ject visible in the left anterior descending coronary 
artery, although antegrade flow is still possible. 

What is the incidence of candidates for PTCA, and 
who should perform the procedure? In Zurich the in- 
cidence of PICA was on a steady increase until 1980. 
Until 1980 up to 10% of all patients received PTCA; 
in 1981 the figure dropped to 5%, reflecting the true 
incidence of PTCA candidates. The large drop in 1981 
reflects Dr. Grtintzig’s departure and demonstrates 
the fact that a substantial proportion of PTCA cases 
were not drawn from our referral area. Still, PTCA 
continues, and it is not a one-person method. 

What does PTCA mean for a coronary surgical 
practice? Are we going to operate on more or fewer 
patients? Are we going to see better or worse pa- 
tients? 

Over the last three years, when PTCA reached and 
then passed its peak in Zurich, the number of iso- 
lated coronary artery bypass procedures (excluding 
combined procedures, valve operations, and 
aneurysmectomies) increased slightly. The incidence 
of patients with single bypass grafts and those with 
four or more remained reasonably constant, espe- 
cially in the last two years, and the number of distal 
anastomoses, reflecting the extent of coronary artery 
disease, remained exactly the same, 3.0 per patient. 

Therefore, we believe that the PTCA is here to 
stay, but not in too many centers, that its true inci- 
dence is around 5% of all angioplasty patients; and 
that its impact on the practice of coronary surgery 
will be limited. 


DR. WILLIAM C. ALFORD, JR (Nashville, TN): Dr. Jones 
and his colleagues have a unique series, one that I 
expect is impossible to duplicate. Our experience 
with PTCA at St. Thomas Hospital is more modest 
than but in some ways comparable to that of our At- 
lanta colleagues. I am indebted to our director of car- 
diology, Dr. Harry Page, who is participating in 
the NIH study on coronary angioplasty and who 
supplied many of these data. 

One-half of our patients are classified as successful 
dilatations, although only 38% are in the good-to- 
excellent category. Twenty of the original 50 patients 
underwent coronary artery bypass, 7 on an urgent 
basis. 

To minimize disruption of the operating room 
schedule, elective angioplasties are done near noon 
three days a week. The emergency operation after 
angioplasty will always be with us but seems to be 
increasing with the advent of streptokinase infusion 
in our hospital. The single death in our series re- 
sulted from total thrombosis of the left coronary sys- 
tem following coronary angioplasty. 

The excellent candidate for PTCA is not as common 


as we first expected. Candidates are not always 
readily apparent, even to the discerning cardiologist. 
As Dr. Jones has stated, the coronary arteries vi- 
sualized by surgeons after unsuccessful angioplasties 
frequently show diffuse distribution of lesions with 
eccentric plaques. 

We agree with Block that the majority of plaque 
disruptions probably take place at the point of least 
resistance, anc the long-term result of such lesions is 
unknown. We think the procedure of coronary an- 
gioplasty is not as easy to master as had been hoped 
for and that the results are just good enough at our 
hospital to justify perserverance. 


DR. JOHN L. OCHSNER (New Orleans, LA): We have 
had a little experience with PTCA during the same 
period of time as Dr. Jones. Our experience differs 
slightly in that we have had a much higher failure 
rate for coronary angioplasty. We did 68 procedures 
over the same period but 24% of ours were failures. 
Only 2 patients needed emergency operation, but the 
majority required urgent operation within the first 24 
hours. 

There were no deaths in this series. One major in- 
farct occurred, and that was in the first patient who 
underwent PTCA; there was also a minor infarct in a 
different patient. I think this represents a learning 
curve, and we believe that in due. time our failure 
rate will be lower. Of the 68 patients, three-quarters 
have had PTCA during the last third of the study pe- 
riod. The number of angioplasties we are performing 
is progressively increasing, and I think this is going 
to be true around the country. 

It was of interest to me that the Emory group has 
solved the logistical problem of keeping an operating 
room on standby, disrupting the service and having 
the patient go to the first available room. This wor- 
ries me in that the legal aspects have to be dealt with. 
I assume that they must have some operative permis- 
sion form or at least give notice to the family mem- 
bers that the problem could occur. We recently had a 
patient for whom we could not get an operating 
room. We had to put the patient on a balloon pump 
until an operating room was open. It worried us that 
the family wasn’t notified of this possibility in ad- 
vance. 

There is another worrisome aspect of PTCA. Many 
years ago, those of us who did dilations of the 
peripheral vessels such as the profunda using Van 
Buren dilators saw these vessels stay open as long as 
two years but subsequently become stenotic again. 
In Dr. Grtinizig’s long experience in excess of three 
or four years, has he seen restenosis of lesions that 
had preliminary successful dilations? 


DR. FRANCIS ROBICSEK (Charlotte, NC): I would like to 
make only one short and I think quite interesting re- 
mark. For the past five years, our cardiology col- 
leagues have fought us surgeons, asking us not to 
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operate on single-vessel lesions until a surgical pro- 
cedure was required. Now they proclaim the same 
type of lesion an “ideal” candidate for a procedure 
that turns the operating room into a terror and has a 
higher morbidity and mortality rate than elective 
surgery for single-vessel disease. 


DR. JONES: I thank all the discussants for their com- 
ments. In answer to Dr. Turina’s question about 
the 5-hour interval between angioplasty failure and 
revascularization, I tried to specifically point out 
that in 11 of those 28 early cases, revascularization 
was completed within 2 hours of angioplasty failure. 
Our experience indicates that 2 hours is about as fast 
as one can get a patient from the catheterization labo- 
ratory and have him or her completely revas- 
cularized. 

In answer to Dr. Turina’s second question, intra- 
operative angioplasty has been performed in 7 pa- 
tients and I am initially encouraged. Again, the 
selection of candidates is important. I don’t think 
that good, judicious use of sequential grafting should 
be abandoned in favor of performing intraoperative 
angioplasty, because we do not yet know the long- 
term results of this procedure. 

As far as the use of angioplasty in patients who 
have had previous coronary bypass surgery, this is a 
most attractive use of the procedure because suc- 
cessful dilation of stenotic grafts might save the pa- 
tient an operation. Our concern in this case is having 
to deal with an emergency situation in a patient who 
has had previous mediastinal surgery. Our initial 
fears did not seem justified, however, in that 7 of the 
52 failures in this group were in patients who had 


had previous coronary bypass surgery. These pa- 
tients tolerated the procedure well and, with good 
cardiac anesthesia, were stable until revasculariza- 
tion could be accomplished. In our experience, un- 
fortunately, the proximal lesions could not be suc- 
cessfully dilated. Obstructive lesions in the middle 
vain graft area have not been very successfully di- 
lated either, but distal stenotic areas have been di- 
lated quite frequently (in more than 20 patients) with 
very good results. 

The effect of PTCA on patient referral has been 
very disappointing. We initially thought that of 
evezy 10 patients referred for angioplasty, 1 would be 
a candidate and the others would have their revas- 
cularization on our service. This has proved not to be 
the case. Patients who have had their coronary ar- 
teriography at other institutions have come to Emory 
specifically for angioplasty alone, and many of them, 
if PTCA is unsuccessful, have had their operations at 
their nearby institution. 

The effect of PTCA on single coronary bypass 
grafting has been interesting. In 1980, 10% of our 
overall patient population had single bypass graft- 
ing; since Dr. Grüntzig’s arrival only 5% have had 
single bypass grafting. Whether this is related I do 
nat know. 

Dr. Ochsner, our incidence of emergency opera- 
tions is about that of your institution. Use of the 
operating room that is first vacated has worked very 
well on our service. 

Dr. Robicsek, we agree with your strong feelings 
that angioplasty, if not carefully controlled, can dis- 
rupt an entire surgical and even hospital service and 
make life unpleasant for many. 


Preliminary Experience with Intraoperative 
Transluminal Balloon-Catheter Dilation 


and Coron 
of Symptomatic Di 
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John H. Selby, M.D., Claude LaBrosse, M.D., Daniel G. Knauf, M.D., 
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ABSTRACT Transluminal balloon-catheter dila- 
tion of coronary artery lesions has become increas- 
ingly common in the cardiac catheterization labora- 
tory. We describe a method of intraoperative dilation 
that may improve surgical results when used in 
combination with coronary artery bypass graft 
(CABG) operations in patients with diffusely dis- 
eased coronary arteries. In 16 patients, long-segment 
intraoperative dilations were performed to enlarge 
luminal narrowings in 21 different regions. All of 
these patients had postoperative coronary angiog- 
raphy and left ventriculography so that we could 
objectively evaluate the coronary dilatations. There 
were no operative deaths or perioperative myo- 
cardial infarctions, and angina was relieved in all 
patients. Of the 21 dilated segments, 12 (57%) were 
unchanged, 2 (10%) became worse, and 7 (33%) were 
improved postoperatively. In addition, two new 
areas of intimal damage were detected in patients 
with unchanged postoperative luminal diameters. 
We conclude that further experience and longer 
follow-up are necessary before the efficacy of intra- 
operative coronary artery balloon-catheter dilation 
can be accurately determined. 


The recent development of a catheter technique 
for dilating stenosed coronary arteries has gen- 
erated considerable interest [1-3]. This new 
technique, termed percutaneous transluminal 
coronary angioplasty (PTCA), involves the in- 
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flation of a small balloon located at the tip of a 
catheter to dilate narrowed coronary arterial 
segments. Many of the patients receiving this 
treatment have shown substantial short-term 
subjective and objective improvement [4-7]. 
However, it appears that only about 10% of pa- 
tients with symptomatic coronary artery dis- 
ease will meet the present criteria for this pro- 
cedure [8]; moreover, the incidence of coronary 
restenosis following catheter dilation is not in- 
consequential [9]. 

The purpose of the present investigation was 
to assess the efficacy of transluminal balloon- 
catheter dilation intraoperatively in patients 
undergoing coronary artery bypass graft 
(CABG) operation. Specifically, we attempted 
to dilate distal coronary artery stenoses and, in 
a few instances, combined distal and proximal 
obstructions. By this process, we hoped to ex- 
tend the benefits of myocardial revasculariza- 
tion in patients with a more diffuse pattern of 
coronary artery obstruction. 


Material and Methods 

Patient Selection 

Patients who had angina pectoris that was in- 
adequately controlled by medical therapy con- 
sisting of beta-blocking agents and nitrates, 
and who were undergoing coronary angiog- 
raphy as part of a preoperative evaluation, were 
considered candidates for this study. From 
April, 1980, to December, 1981, 18 patients 
were found to have physiologically important 
coronary artery stenosis (50% or greater reduc- 
tion of lumen diameter) involving the proximal 
segment of at least one major coronary artery, 
along with another stenosis involving the 
mid-to-distal portion of the proximally nar- 
rowed vessel. Furthermore, the mid-to-distal 
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Clinical Data on 16 Patients Undergoing 
Intraoperative Balloon-Catheter Dilation 





Characteristic Findings 
Age (yr) 56.2 + 3.15 
Previous MI (% of patients) 62 
Functional class? 3.1 + 0.4" 
Preoperative ejection fraction 512 4° 
(%) 
Chronic stable angina (% of 81 
patients) 
Number of vessels bypassed 3.3 + 0.3? 
Aortic cross-clamp time (min) 53.4 + 4" 
Perioperative MI (% of 0 
patients) 
Perioperative inotropic agents 6 
(% of patients) 
Mortality (% of patients) 0 


Based on New York Heart Association criteria. 
>Values shown are mean + standard error of mean. 


MI = myocardial infarction. 


Fig 1. Basic equipment used in intraoperative balloon- 
catheter dilation of the coronary arteries. 





Inflation device 


corcnary stenosis had to be considered accessi- 
ble during CABG operation. In 1 of the patients 
(6%), the dilating catheter was not able to pass 
through a distal obstruction during the proce- 
dure; 1 other patient (6%) declined postop- 
erative catheterization. These 2 patients were 
excluded from the present analysis. The 16 pa- 
tients who underwent both preoperative and 
postoperative cardiac catheterization form the 
basis of this report. 

Prior to operation, these patients also had 
12-lead electrocardiograms, cardiac enzyme 
determinations, electrocardiographic exercise 
stress tests, and complete clinical evaluation. 
Based on these assessments, the patients were 
all thought to be candidates for elective CABG 
operation. The clinical characteristics of these 
patiants are shown in the Table. 


Argioplasty Apparatus 

The basic equipment consisted of a balloon di- 
laticn catheter and an inflation device (Fig 1). 
The inflation device was a CO,-fired pump 
(USCI No. 004389) equipped with a pressure 
manometer (USCI No. 004475). Several pro- 
totyve presterilized intraoperative coronary 


(O 


Pressure gauge 
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dilation catheters were used. Each catheter had 
a shaft diameter of 4.0F (1.32 mm) and a balloon 
length of 20 mm; balloon diameter ranged from 
2.0 to 3.0 mm when inflated, and shaft length 
varied from 30 to 120 cm. The 30 cm shaft length 
catheters were similar to the USCI No. 004485, 
No. 004486, and No. 004487 models. The 125 cm 
shaft length catheter was similar to the USCI 
percutaneous transluminal coronary dilation 
catheter (Type J, No. 004360). 

The balloon catheter was connected directly 
to the pressure regulating device, which was 
connected in series to the inflation device. The 
syringe in the inflation device had been pre- 
filled with 10 ml of sterile saline solution. Bal- 
loon inflation and deflation were tested to a 
pressure of six atmospheres several times prior 
to insertion. 


Operative Procedure 

Under careful hemodynamic and electrocar- 
diographic monitoring, anesthesia was induced 
using a fentanyl technique. A median ster- 
notomy was performed, and the right atrium 
and ascending aorta were cannulated. With the 
patient on cardiopulmonary bypass, multiple 
doses of cold (4°C) potassium cardioplegia were 
delivered through the cross-clamped ascending 
aorta. After the heart was arrested, a standard ar- 
teriotomy was made in the proximal or mid- 
portion of the obstructed coronary artery. The 
dilation catheter was then inserted through this 
arteriotomy and advanced in either a proximal 
or distal direction, depending on the location of 
the additional coronary stenosis identified by 
preoperative coronary angiography. In this se- 
ries, all patients had some degree of distal coro- 
nary artery obstruction. Three of the 16 patients 
also had moderate amounts (50 to 75%) of 
proximal left anterior descending (LAD) coro- 
nary artery obstruction, excluding the primary 
proximal obstruction for which a bypass con- 
duit was chiefly indicated. 

Twenty-one narrowed coronary artery seg- 
ments were dilated in 16 patients. In 18 of these 
narrowed segments, the LAD coronary artery 
was dilated. Of the remaining 3 segments, the 
posterior descending branch of a dominant 
right coronary artery was dilated in 2 cases, and 
an obtuse marginal branch of the circumflex in 


1. When the stenosis was distal to the ar- 
teriotomy and involved the LAD coronary ar- 
tery, the catheter was advanced in an ante- 
grade direction to or slightly beyond the left 
ventricular apex, using fingertip palpation to 
help guide its course. The catheter position was 
then fixed, and the balloon was inflated to six 
atmospheres for 15 seconds. The distal limit of 
the balloon was localized by palpation, with the 
site marked by a metallic clip placed in the adja- 
cent tissue. The balloon was then deflated; 
when deflation was complete, as verified by 
palpation, the catheter was withdrawn 20 mm 
and the ballcon again inflated. This procedure 
was repeated two to five times to allow the mid- 
and distal portions of artery, ranging in length 
from 40 to 100 cm, to become dilated. As the 
catheter approached the arteriotomy, the most 
proximal portion of the balloon was identified, 
and a clip was placed on the adjacent tissues; 
the clips were used to identify the exact region 
undergoing intraoperative dilation. This tech- 
nique produced a long-segment coronary dila- 
tation, and thus avoided the difficulties related 
to using epicardial finger palpation to precisely 
identify atherosclerotic plaques. 

When a secondary arterial stenosis had been 
placed between the arteriotomy and the pri- 
mary proximal stenosis, the catheter was in- 
troduced retrograde and advanced past the 
secondary proximal obstruction. The same pro- 
cedure as for distal stenosis was performed, 
with the distal excursion of the inflated balloon 
marked so that the region undergoing angio- 
plasty could be identified. The time required to 
insert the balloon, perform the inflations, apply 
the marking clips, and finish coronary dilation 
was less than 5 minutes. In the few coronary 
dilations involving the distal right and cir- 
cumflex coronary arteries, the balloon-tipped 
catheter was inserted a variable distance (sev- 
eral centimeters) and sequential dilations per- 
formed, as described previously. 

After these procedures had been completed, 
CABG operation was performed, with the dis- 
tal anastomosis constructed using autologous 
saphenous vein; we theorized that intraopera- 
tive angioplasty and CABG might complement 
one another, resulting in improved distal coro- 
nary artery dilatations and better graft patency. 
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The other bypass grafts were completed as re- 
quired in each instance, the cross-clamp was 
released, and the patients were weaned from 
cardiopulmonary bypass. In the early post- 
operative period, common treatment included 
topical 2% nitroglycerin paste, oral Persantine, 
and aspirin. 


Evaluation of the Procedure 

Early postoperative catheterization studies of 
the patients were done prior to their discharge 
from the hospital. These studies were usually 
conducted between the seventh and tenth 
postoperative days, and consisted of selective 
coronary and saphenous vein bypass graft 
angiography, as well as left ventriculography. 
In addition, hemodynamic recordings were 
obtained. Every attempt was made to duplicate 
the patient position and projection utilized in 
the preoperative study, so that the degree of 
coronary artery narrowing could be evaluated 
objectively. The projected coronary angio- 
graphic image of the section that was dilated 
intraoperatively was compared by simultane- 
ous viewing with preoperative angiograms of 
the same segment. Coronary branch points as- 
sisted in identifying those segments on the 
preoperative angiograms that could be ex- 
trapolated from the clips noted on the post- 
operative angiograms. 

Initially, it was difficult to quantify the extent 
of vessel narrowing because of minor variations 
in angiographic projections and magnifica- 
tions, as well as surgically related changes in 
cardiac position. Therefore, we elected to use a 
semiquantitative analytical scheme based on 
luminal diameter: we identified a dilated seg- 
ment as either unchanged, or more or less di- 
lated postoperatively, compared with the pre- 
operative condition. In addition to making 
estimates of the degree of coronary stenosis, 
we also noted the overall vessel size, its runoff, 
the character of the contrast-coronary lumen 
interface, and the presence or absence of sec- 
ondary branches. 

Based on the preoperative and postoperative 
left ventriculograms, changes observed in re- 
gional wall motion were quantified using the 
area method of Gelberg and associates [10]; that 
is, the borders were traced, and a series of 


chords was measured by planimetry. Areas 
subtending the regions supplied by the vessel 
undergoing operative dilation and bypass 
grafting were compared with regions supplied 
by other bypass grafts not associated with 
coronary dilation, and with myocardial regions 
that did not receive either bypass grafts or dila- 
tion. 


Results 

There were no operative deaths or periopera- 
tive myocardial infarctions in this series of 16 
patients. In addition, angina pectoris was re- 
lieved in all patients. The entire intraoperative 
dilation procedure required approximately four 
and one-half minutes per vessel to perform. Of 
the 18 dilated distal narrowings, 10 did not 
change, 2 were narrow, and 6 were dilated 
postoperatively, compared with their preoper- 
ative condition. Included in this group were 2 
distal lesions associated with the right coronary 
artery, neither of which changed postopera- 
tively, and 1 distal lesion in the circumflex sys- 
tem that improved postoperatively. The re- 
maining 15 regions dilated distally were part of 
the LAD coronary artery system. The 3 second- 
ary proximal narrowings were all associated 
with this system, and a distal LAD lesion was 
also present in each case. Of these secondary 
proximal narrowings, 2 were unchanged and 1 
was more dilated after operation. In the LAD 
system, examples of successful and unsuccess- 
ful coronary dilations are shown in Figures 2 
and 3, respectively. There were no missing 
coronary artery branches in any postoperative 
study, but 2 areas of intimal damage that were 
probably related to the intraoperative catheter 
insertion technique were detected. Both cases 
of intimal injury occurred in the LAD coronary 
artery, which, on the basis of luminal diameter, 
was unchanged from its preoperative state. An 
example of probable catheter-related injury is 
shown in Figure 4. 

There were 53 coronary anastomoses in the 16 
patients. None of the 18 saphenous vein grafts 
in the vessels undergoing angioplasty were 
occluded, and only 1 of the 35 bypass grafts was 
occluded in the coronary arteries that did not 
undergo angioplasty. Analysis of perioperative 
changes in regional wall motion showed no 
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Fig 2. Composite representation of successful intraoper- 
ative balloon-catheter dilation showing relief of distal 
coronary artery obstruction (arrows). 
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Fig 3. Composite representation of unsuccessful intra- 
operative balloon-catheter dilation showing worsening 
of distal arterial narrowings (arrows). 
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Fig 4. Example of intimal injury related to intraopera- 
tive balloon-catheter dilation. 
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Fig 5. Perioperative percent changes in regional ejection 
fraction (EF) in several left ventricular regions follow- 
ing balloon-catheter dilation (angioplasty). (Non-B = 
nonbypassed left ventricular segments; B A = by- 
passed segments with angioplasty; B5 A = bypassed 
segments without angioplasty.) 


differences among regions associated with ves- 
sels that did not undergo CABG operation, ves- 
sels that underwent both CABG and angio- 
plasty, and those that underwent CABG only 
(Fig 5). 


Comment 

The potential value of intraoperative trans- 
luminal balloon-catheter dilation is to allow 
more complete myocardial revascularization. 
Recent investigations suggest that if this goal 
were realized, immediate as well as long-term 
results related to CABG operation might be im- 
proved [11, 12]. From a technical point of view, 
the ability to successfully perform antegrade 
dilation of a distal lesion in a 1 to 2 mm vessel 
would obviate the need for placing two separate 
anastomoses proximal and distal to the distal 
coronary lesion. Such an effort would also de- 
crease aortic cross-clamp time. An alternative 
surgical treatment for this diffuse coronary 
obstructive pattern is to split the distal coronary 
lesion so that bidirectional flow results from the 
subsequently implanted bypass graft; however, 
the wisdom of performing an anastomosis in a 
diseased arterial segment is debatable, and dis- 
section at the site of an anastomosis into an area 
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of plaque is to be dreaded. Another surgical 
choice involves long-segment endarterectomy, 
but experience with this procedure is limited. 
At this time, the optimal method for surgical 
management of diffuse coronary disease has 
not been determined. 

Retrograde dilation of secondary proximal 
coronary narrowings by standard arteriotomy 
may also improve blood flow to jeopardized 
myocardium. Conceivably, sequential proximal 
stenoses may limit blood flow in intervening 
coronary branches that are visible but too nar- 
row to be grafted; for example, entrapped septal 
and diagonal branches might be revascularized 
by alleviating subtotal proximal obstructions in 
the LAD system. The question of whether such 
dilation efforts will achieve measurable im- 
provement in operative results, compared with 
those for CABG alone, remains unanswered. 

We are aware of five groups who have expe- 
rience with intraoperative angioplasty. Wallsh 
and colleagues [13] have been the pioneers in 
the United States; since 1978 they have re- 
ported dilation of 34 lesions in 25 patients. 
Only 12 of their patients, who had a total of 
15 lesions, were restudied postoperatively. 
Nevertheless, they report that 12 of these le- 
sions were dilated (80%), 1 was unchanged, 
and 2 were worse than they were before opera- 
tion. While these results are exemplary, it 
should be noted that their operative technique 
utilized a beating heart and, at times, an 
intraluminal shunt during construction of the 
distal anastomoses and performance of arte- 
rial dilations. Moreover, the distal coronary 
obstruction was identified by epicardial finger 
palpation, and only the specific lesion was 
dilated. Thus, the general applicability of 
Wallsh’s efforts to CABG operations, which are 
performed using hypothermic potassium car- 
dioplegia in more than 90% of patients in 
the United States [14], remains uncertain. 
Turina and co-workers [15] reported unim- 
pressive results in 6 patients, with a tentative 
recommendation that sequential bypass graft- 
ing may be more reliable than CABG combined 
with balloon-catheter dilation. Mills and 
colleagues [16] recently reported their experi- 
ence with 18 patients, of whom 8 were re- 
studied angiographically. They found that the 


coronary arteries of 7 patients were improved, 
and that only 1 showed no improvement. Katz 
and his associates [17] have also reported 
that on the basis of graduated coronary probe 
measurements, secondary proximal LAD cor- 
onary stenoses could be dilated successfully 
during operation. However, there was scanty 
postoperative angiographic documentation of the 
intraoperative findings. Additionally, Fogarty 
and colleagues [18] reported on 42 patients 
who underwent CABG operation using a new 
balloon dilation catheter based on the concept 
of linear extrusion of the dilating element. They 
reported that 30 of 34 dilated vessels (88%) 
showed increased luminal diameter, as deter- 
mined by intraoperative insertions of a cali- 
brated probe. No postoperative angiographic 
data were given in this report. 

Our investigation is limited by the relatively 
small number of patients studied. However, 16 
of the 17 patients in our series who underwent 
intraoperative dilation were evaluated post- 
operatively by angiography; 1 asymptomatic 
patient refused postoperative evaluation. We 
have, therefore, objectively evaluated 18 seg- 
ments in 16 patients who underwent ante- 
grade dilation. In addition, 3 of these patients, 
who had proximal and distal coronary lesions 
in the LAD system, also underwent retrograde 
dilation of secondary proximal subtotal ob- 
structions. Only 1 other patient was excluded 
from postoperative evaluation, because the di- 
lating catheter could not be passed through the 
distal narrowing in this patient’s coronary ar- 
tery. 

Fifteen of our 18 antegrade dilations were 
done in the LAD coronary artery, so most of our 
experience relates anatomically to this vessel. 
We found the clinical results in our patients 
who received CABG plus dilation treatment to 
be acceptable. Angiographic studies were not 
as impressive. We found that 56% of the ante- 
grade dilated segments were unchanged post- 
operatively; 33% of these segments had a 
greater luminal diameter, and 11% had a smaller 
luminal diameter (but were not occluded), 
compared with the preoperative angiographic 
state. Similar results were obtained for our few 
retrograde intraoperative dilations. We had 
initially attempted to quantify the differences 
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in coronary artery diameter, but thought that 
variations in angiographic projections and 
magnification factors as well as cardiac position 
following cardiotomy made such analysis inac- 
curate. Therefore, we used a semiquantitative 
method of analysis based on changes in coro- 
nary luminal diameter. 

In addition to the 2 instances (11%) of post- 
operative narrowing in segments undergoing 
angioplasty, another 2 segments showed an- 
giographic evidence of intimal damage. This 
injury pattern was observed in coronary ves- 
sels with postoperative luminal diameter un- 
changed from the preoperative condition. 
Therefore, the combined incidence of poten- 
tially harmful sequelae related to balloon- 
catheter dilation was seen in 25% of the pa- 
tients in this series (4/16). The long-term im- 
portance of these angiographic observations 
made in the early postoperative period is un- 
known at present. However, early graft patency 
and regional left ventricular wall motion do not 
appear to be adversely affected by intraopera- 
tive angioplasty. 

Other factors that may influence future re- 
sults with intraoperative coronary dilations in- 
clude improved catheter design, patient selec- 
tion, and surgical technique. However, it is 
possible that the multiple calcified coronary 
artery obstructions that the surgeon deals with 
at operation are not analogous to the single- 
and double-vessel involvement that is most 
frequently seen in the cardiac catheterization 
laboratory when PTCA techniques are em- 
ployed. 

The experience with PTCA has shown that 
approximately 65% of selected patients can 
have successful dilation initially [2, 9]. In addi- 
tion, there is objective physiological evidence 
that arterial dilation may be followed by im- 
proved perfusion [7, 19]. A disturbing note, 
however, is that approximately 21% of patients 
have an episode of restenosis during the first 
three months after the procedure [2, 9]. In ad- 
dition, the angiographic appearance of intimal 
damage following angioplasty is not uncom- 
mon [20, 21], and has been verified histologi- 
cally [22, 23]. Although eventual healing of this 
arterial injury appears to occur frequently, as 
visualized by angiography months or years 


after injury, more information is needed before 
the relationship between intimal trauma and 
long-term vessel patency will be known. 

On the basis of our experience and short- 
term follow-up (we are in the process of ex- 
tending our observations to the late postop- 
erative period*), as well as other reported 
complications related to balloon catheter di- 
lation techniques, we believe that surgeons 
should exercise caution before embracing the 
intraoperative coronary artery dilation tech- 
nique. With future technical advances and 
longer patient follow-up, however, intraopera- 
tive coronary artery dilation may eventually be- 
come a reliable method for treating diffuse 
coronary artery disease. 
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Discussion 

DR. W. GERALD RAINER (Denver, CO): To date, our 
experience in using intraoperative coronary dilation 
is almost identical in numbers to that described by 
Dr. Roberts and colleagues. I would like to present a 
brief summary of this experience. 


At St. Joseph Hospital in Denver, we are fortunate 
in having a ceiling-mounted C-arm for use in intra- 
operative arteriography. We have utilized this device 
in performing routine intraoperative coronary ar- 
teriography in approximately 1,000 bypass patients, 
and also in combination with balloon dilation in 15 
patients. When the anastomosis is complete, or at 
the time intraoperative coronary arteriography for 
routine CABG operation is performed, the C-arm is 
swung into place. It contains a camera mechanism 
covered with a sterile mylar drape that takes 70 mm 
cut frames at a rate of two to six frames per second. 
The frames are available for viewing within 41/2 to 5 
minutes from the time of the initial injection. 

An ideal candidate for intraoperative balloon dila- 
tion would be a relatively young person who has se- 
quential or tandem LAD lesions bridging a major 
first septal perforator. The two types of lesions that 
we would consider for treatment by intraoperative 
balloon dilation at present are distal lesions or tan- 
dem proximal lesions high enough to be unsuitable 
for sequential grafting. The lesions intended for di- 
lation should preferably be in a reasonably straight 
vessel. 

A postdilation study of 1 of our patients with tan- 
dem proximal lesions showed an increase in the 
lumen diameter of the more distal lesion consequent 
to the dilation. This condition was present in 3 of our 
15 patients. Another of our patients was a 48-year- 
old woman with much smaller vessels and a lesion 
downstream in the LAD artery—a typical problem, 
in our experience. Although the balloon catheter was 
inserted under direct vision and with great care, it 
perforated the distal LAD artery; an area of extra- 
vasation where the balloon had perforated the artery 
was evident near the apex. Since we had operative 
arteriography at our disposal and were able to 
identify the problem immediately, the perforation 
was located and repaired. This situation would have 
caused needless anxiety if we had not had the capa- 
bility to perform intraoperative arteriography. 

So, at present, we would encourage very careful 
selection of patients for angioplasty. We have not 
considered patients with diffusely diseased arteries 
to be good candidates. In addition, we would as- 
siduously avoid patients who have highly calcified 
areas in the vessels, because we have seen disruption 
of this type of brittle calcification. We would also be 
very cautious in suggesting women as candidates for 
angioplasty. Finally, we would like to emphasize the 
need for intraoperative arteriographic equipment to 
ensure the careful application of this technique. 


DR. NOEL L. MILLS (Jefferson, LA): At the Ochsner 
Clinic, we have performed angioplasties on 31 le- 
sions in coronary arteries. Instead of using a sophis- 
ticated method for inflating the balloon, such as that 
described in the presentation of Dr. Roberts and col- 
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leagues, we inflate the balloon manually with a 
syringe. In addition, we dilate only the lesion and 
not other segments of the vessel. 

Seventeen of 31 lesions that we have dilated were 
in the distal LAD coronary artery. One such lesion 
was located near the apex of the heart. Other lesions 
were located in the proximal left coronary artery, the 
LAD artery, the circumflex marginal artery, the pos- 
terior descending artery, and the distal right coro- 
nary system. 

We would like to make a plea that lesions be di- 
lated in arteries that one would normally leave alone 
because of their small size or inaccessibility. How- 
ever, I would also like to ask why Dr. Roberts and his 
co-workers use a balloon with a diameter of 3 mm, 
which is very large for vessels normally too small to 
accept a graft. 

Two of our 4 failures were in calcified lesions, and 
one-third of the arteries that we dilated successfully 
were calcified. Calcification, therefore, has not been 
a contraindication in our series. The 4 failures were 
due to inability to cross the lesion with the catheter. 

As part of our preparation before using the tech- 
nique in patients, we examined several cadaver 
hearts with extensive calcification to determine the 
gross effects of intraoperative angioplasty. The de- 
sired result is a stellate lateral compression; however, 
we found that the plaque could be completely dis- 
rupted. We also found eccentric dilatations, as well 
as disruption of the external elastic membrane; some 
arteries were readily dissected. 

Our studies demonstrated some very sobering 
results of intraoperative angioplasty, such as choles- 
terol debris squeezed into the lumen. Again, the ob- 
jects of study were cadaver hearts with extensive dis- 
ease. In some instances, the dilated artery appeared 
very thrombogenic because of luminal damage; 
branches could be avulsed and a perforation pro- 
duced. 

In addition to studying the cadaver hearts, we re- 
studied 10 of our patients postoperatively. One di- 
lated artery had closed, 1 showed no change in lumen 
size, and 8 were proven successes. 

We have intraoperative angiography available, but 
have not used it for angioplasty. Have Dr. Roberts 
and his group had any experience in this area? 


DR. MARKO I. TURINA (Zurich, Switzerland): Intra- 
operative dilation was attempted in Zurich in 6 pa- 
tients during the early part of our experience with the 
use of PTCA in treating distal stenosis of the LAD 
and right coronary artery. We could not see any 
clear-cut improvement in the postoperative angio- 
grams, since there exists a clear-cut surgical 
alternative—performing CABG proximally and dis- 
tally to the stenosis as a jump graft. Therefore, we 
have abandoned intraoperative dilation. We just feel 
unsafe without immediate intraoperative angio- 


graphic control of the results. I would like to ask if 
Dr. Roberts and his associates feel safe about doing 
the procedure without having immediate control of 
the dilation. 

There is one probable reason for disappointing re- 
sults with intraoperative dilation. The average surgi- 
cal patient has long-standing disease and a rigid, 
often calcified stenosis. This is not true of candidates 
for dilation; indeed, one of Dr. Griintzig’s require- 
ments for PTCA is a short history of angina, prefer- 
ably less than six months. I believe this partially ex- 
plains the differences between intraoperative and 
laboratory dilations. 


DR. SUSHIL GUPTA (Milton, MA): I am a little bit un- 
comfortable about calling this procedure “angio- 
plasty,” because it is really not a plastic procedure. 
The term opens up a Pandora’s box; we should con- 
sider similar situations, such as the dilation of ure- 
thral strictures by urologists and the dilation of bile 
ducts by general surgeons. In all these cases, there 
are some implications for third-party reimburse- 
ment. It seems to me that perhaps angioplasty falls 
into the same category as the corkscrew type of en- 
darterectomy, which was originally performed by the 
radiologist. 


DR. G. FRANK O. TYERS (Vancouver, BC, Canada): 
Apart from visual angiographic control, there is an- 
other difference between the procedure described by 
Dr. Roberts and his associates and the experience 
with cardiological dilation or so-called angioplasty. 
Intraoperative balloon dilation is currently being 
done on smaller, more diffuse distal lesions, while 
the cardiological procedure is done proximally on 
angiographically localized lesions. There is at least 
one unsolved area for total revascularization, and 
that is in patients with left main coronary artery dis- 
ease plus lesions of the circumflex and anterior de- 
scending coronary arteries—a group that probably 
includes 80% of cases of left main coronary artery 
stenosis. I would like to suggest the possibility of 
doing intraoperative dilation of the stenoses of the 
left main coronary artery through the aortic root in 
addition to performing distal bypasses, as CABG op- 
eration alone leaves a considerable number of prox- 
imal coronary artery branches stranded between the 
main left lesion and the distal lesions. In some pa- 
tients, retrograde dilation of the anterior descending 
and circumflex vessels might accomplish the same 
improvement in perfusion. These are potentially 
more satisfactory applications of intraoperative coro- 
nary artery dilation. 


DR. WILLIAM I. BRENNER (Los Angeles, CA): I believe 
Dr. Robicsek’s emotional statement (see Discussion, 
p 502 of this issue), which received wide applause, 
deserves a reply. 
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The 1980s will be marked as the decade in which 
cost-consciousness played an increasing role in 
specialized medical care. Coronary angioplasty is a 
reasonable approach for carefully selected candi- 
dates, when performed in a setting with excellent 
surgical backup. The Atlanta group has structured 
their cardiac surgical service and operating schedule 
to accommodate this cost-efficient intervention 
pioneered by Dr. Grtintzig. 

Given single-vessel disease in a symptomatic pa- 
tient, I wonder if most of the members of this audi- 
ence would opt for angioplasty or median sternotomy. 

Our group is currently developing the logistical 
capability to provide surgical support for an ex- 
panded coronary angioplasty program. In the in- 
terim, we have referred several of our own patients 
to the Atlanta group for angioplasty, with excellent 
clinical results. 


DR. ROBERTS: We would like to thank the discussants 
for their thoughtful comments. Certainly this is a rel- 
atively new and somewhat controversial field for the 
cardiac surgeon. 

Intraoperative angiography, as described by Dr. 
Rainer, obviously is of great benefit in performing 
CABG operation, and is particularly helpful in the 
intraoperative evaluation of balloon angioplasty ef- 
forts. As Dr. Rainer showed by the example of the 
patient who sustained an intraoperative dissection, 
intraoperative angiography allowed him to identify 
the problem and correct it at the time of operation. 
However, some of the problems we observed at the 
time of postoperative angiography, such as the two 
intimal dissections, occurred in patients who had 
uncomplicated perioperative recovery and no elec- 
trocardiographic evidence of damage in the peri- 
operative period. Furthermore, these patients were 
asymptomatic. Therefore, unless objective postoper- 
ative angiographic criteria are applied to this pa- 
tient group, complete evaluation is not possible. 

Dr. Rainer also referred to the issue of patient 
selection for intraoperative angioplasty. I think this 


factor is a major problem that must be analyzed 
carefully if intraoperative angioplasty is going to 
become useful to the surgeon. For example, the advis- 
ability of dilating a heavily calcified vessel is uncer- 
tain. Dr. Wallsh from the Lenox Hill Hospital group, 
who has had considerable experience with intra- 
operative angioplasty, has found that vessel calcifi- 
cation is not a contraindication to the procedure; 
moreover, in his experience, postoperative compli- 
cations do not seem to be more common after dila- 
tion of a calcified coronary artery. Interestingly, he 
uses a beating, working heart instead of an arrested 
heart under cold cardioplegia. 

Dr. Mills mentioned that he identified the distal 
coronary lesion on the basis of preoperative angiog- 
raphy and palpation of the vessel during operation. 
In addition, his intraoperative efforts with angio- 
plasty were directed at the specific coronary lesion 
rather than at a long segment of abnormal coronary 
artery. In our experience, it is sometimes difficult to 
identify the specific lesion during operation, as some 
of these vessels are located intramyocardially or have 
epicardial fat. Therefore, we have chosen to dilate the 
distal vessel nonspecifically. In answer to Dr. Mills’s 
other question, we do not have intraoperative facili- 
ties for angiography, but we certainly agree that such 
capability would be beneficial if it were available. 

Dr. Turina brought up the issue of the safety of 
intraoperative angioplasty. Even though our post- 
operative angiographic results were relatively unim- 
pressive, intraoperative angioplasty did not create 
any emergency situations that required operative 
intervention or changes in postoperative manage- 
ment. In addition, morbidity and mortality were 
negligible. 

Dr. Tyers presented the concept of entering the 
aorta for dilating left main coronary artery lesions. 
This sounds like an intriguing procedure, and it may 
have some application. However, we would feel safer 
hearing about Dr. Tyers’s efforts in this area at a fu- 
ture meeting, as we have no previous experience 
with this application of angioplasty. 


Implantation of the Automatic Defibrillator: 


The Subxiphoid Approach 


Levi Watkins, Jr., M.D., M. Mirowski, M.D., 
Morton M. Mower, M.D., Philip R. Reid, M.D., 


Paul Freund, P.A., Andra Thomas, R.N., 


Myron L. Weisfeldt, M.D., and Vincent L. Gott, M.D. 


ABSTRACT The automatic implantable defibril- 
lator is an electronic device capable of diagnosing 
and correcting malignant venticular arrhythmias. 
While major thoracic surgery was required in the 
original 24 implants, a new technique for implanting 
the device has been developed. The first subxiphoid 
implantations have been accomplished with the 
defibrillatory function successfully tested intraoper- 
atively. The advantages and indications of the sub- 
xiphoid technique are reviewed. 


The automatic implantable defibrillator has 
now been successfully implanted in 30 human 
beings. The device is intended to protect pa- 
tients at high risk of sudden cardiac death by 
providing them with a diagnostic and thera- 
peutic system capable of automatically termi- 
nating malignant ventricular arrhythmias. The 
early clinical experience [1-4] has demon- 
strated that the automatic defibrillator is ca- 
pable of diagnosing and correcting potentially 
lethal ventricular arrhythmias. 

Improvements in the device and in the tech- 
niques for implantation have continued. The 
original implants were performed through a 
lateral thoracotomy or a median sternotomy [4]. 
We report here the initial experience with the 
subxiphoid approach for implantation of the 
automatic defibrillator. 


Materials and Methods 
The automatic implantable defibrillator* is en- 
cased in titanium and hermetically sealed. It oc- 


*Developed and manufactured under the name of AID by 
Intec Systems, Pittsburgh, PA. 
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cupies a volume of 145 ml and weighs 250 gm 
(Fig 1). The electrodes are made from titanium 
and coated with silicone rubber. One defibril- 
lating electrode is located on an intravascular 
catheter placed in the superior vena cava at the 
right atrial junction. The second electrode has 
the configuration of a rectangular patch and is 
positioned over the cardiac apex. The outside 
surface of this electrode is insulated to optimize 
distribution of current. The device is powered 
by lithium batteries that have a projected 
monitoring life of three years and a discharge 
capability of more than 100 shocks. 

The sensing system detects ventricular fibril- 
lation and sinusoidal ventricular tachycardia by 
continuously sampling the probability density 
function of the cardiac electrical activity [5]. 
This function reflects the time spent by the 
input signal between two amplitude limits lo- 
cated near zero potential. In essence, ventricu- 
lar fibrillation is identified by the absence of 
isoelectric potential segments in the sampled 
cardiac electrogram. 

Recognition of a serious ventricular arrhyth- 
mia results in the delivery of Schuder’s truncated 
exponential pulse [6] of 25 J. The device can re- 
cycle three times during a single episode if the 
previous discharges are not successful in ter- 
minating the arrhythmia. The strength of the 
third and fourth pulses increases to 30 J. Higher 
energy units (30 to 40 J) are available when re- 
quired. 


Operative Technique 

Under general endotracheal anesthesia, the 
neck, thorax, and abdomen in the operative 
field are prepared. The left internal jugular vein 
is localized, using an 18 gauge thin-walled needle. 
A stainless steel guidewire is then introduced 
through the needle into the vein. A small inci- 
sion is made to facilitate introduction of the 
sheath assembly. A No. 14F Desilets-Hoffman 
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Fig 1, Automatic implantable defibrillator with defibril- 
lating electrodes for superior vena cava and cardiac 
apex. 
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Fig 2. Cannulation of the left internal jugular vein with 
the Desilets- Hoffman sheath assembly. After per- 
cutaneous puncture, a guidewire is introduced into the 
vein. The sheath and dilator are passed into the vein 
over the guidewire. The dilator is then withdrawn, 
leaving the sheath in place. 


if Percutaneous 
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peel-away sheath and dilator are passed over 
the guidewire into the vein. This size sheath 
readily accepts the superior vena cava elec- 
trode. The wire and dilator are removed, and 
the electrode is introduced through the peel- 
away sheath into the vein. Figures 2 and 3 il- 
lustrate this technique. Position at the junction 
between the superior vena cava and atrium is 
confirmed by roentgenogram (Fig 4). The left 
subclavian vein may be used as an alternate to 
the left internal jugular vein. 

Through a subxiphoid incision, the pericar- 
dial sac is exposed. The pericardium is opened 
anteriorly, approximately 2.54 cm above the 
diaphragmatic reflection. The incision is car- 
ried down to the diaphragm and extended lat- 
erally to the left (Fig 5). The rectangular patch 
electrode is then introduced into the pericardial 
sac in such a way that its long axis parallels the 
diaphragm anteriorly (see Fig 5). It is pushed 
laterally, until the end of the patch electrode 
reaches the cardiac apex (Fig 6). In this posi- 
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Fig 3. Introduction of the superior vena cava (SVC) 
electrode and subxiphoid incision for exposure of 
pericardium, 





Fig 4. Chest roentgenogram demonstrating position of 
superior vena cava (upper arrows) and apical patch 
(lower arrows) electrodes. 


tion, the insulated side of the patch is lying 
against the pericardium over the diaphragm, 
and the opposite side faces the diaphragmatic 
surface of the heart. The patch is then sutured 
to the cut edge of the pericardium. 

A subcutaneous pocket is developed in the 
left paraumbilical area to accommodate the 
pulse generator. Using a specially designed 
tunneler, the free end of each electrode is 
passed subcutaneously to the pocket. The com- 
pleted procedure is illustrated in Figure 7. 

Using a previously placed right ventricular 
electrode, intraoperative testing is performed to 
document effective function of the automatic 
implantable defibrillator. An external defibril- 
lator is available, of course, should the device 
prove ineffective in terminating the arrhyth- 
mia. 


Results 

Illustrative Case Reports 

PATIENT 1. A 47-year-old woman had a history 
of recurrent shortness of breath and ectopic 
ventricular beats. She was placed on quinidine, 
200 mg four times a day, but episodes of syn- 
copal ventricular tachycardia developed, which 
required cardioversion on two occasions. Car- 
diac catheterization revealed normal coronary 
arteries and normal ventricular function. Elec- 
trophysiological studies were negative whether 
the patient was on or off a regimen of antiar- 
rhythmic drugs. She underwent implantation 
of the automatic defibrillator and ventricular 
flutter-fibrillation was induced during the oper- 
ation, using alternating current. The arrhythmia 
was automatically converted to sinus rhythm by 
the implanted device in 16 seconds. During 
convalescence, the patient manifested a 7-beat 
run of ventricular tachycardia on a Holter tape 
recording. She was placed on a regimen of to- 
cainide. Following discharge from the hospital, 
she has done very well. 


PATIENT 2. A 51-year-old man had a myocar- 
dial infarction associated with a cardiac arrest 
ten years prior to the present hospitalization. 
Since then, he had had several episodes of con- 
gestive failure, and two months prior to admis- 
sion he sustained cardiac arrest due to ven- 
tricular fibrillation. Despite treatment with 
lidocaine and quinidine, recurrent ventricular 
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Fig 5. Pericardial incision and insertion of the apical 
patch electrode. (RV = right ventricle; LV = left ven- 
tricle.) 
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Fig 6. Apical electrode position. (RV = right ventricle; 
LV = left ventricle.) 
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Fig 7. Complete automatic implantable defibrillation 
implantation, subxiphoid approach. 


tachycardia ensued. Ventricular arrhythmias 
were easily induced during electrophysiological 
studies despite treatment with procainamide 
and aprindine. The automatic defibrillator was 
implanted and, two weeks later, while he was 
still taking aprindine, ventricular tachycardia 
with a rate of 190 beats per minute was pro- 
duced with ease during the electrophysiological 
study. This rhythm lasted 47 seconds; because 
the automatic defibrillator remained quiescent, 
the arrhythmia had to be terminated by external 
countershock. The device did not discharge be- 
cause the slow ventricular tachycardia rate on 
aprindine was below the lower limit set for the 
defibrillator. Aprindine was stopped, and the 
patient was taken to the catheterization labo- 
ratory a week later. Again, ventricular tachy- 
cardia was induced easily, but this time at a rate 
of 210 beats per minute, and was successfully 
cardioverted by the implanted defibrillator in 
29 seconds. 


PATIENT 3. A 58-year-old man with cardiomy- 
opathy had been resuscitated from episodes 
of ventricular fibrillation in 1973, 1977, and 
1980. On electrophysiological testing ventricu- 
lar fibrillation could not be induced, and he un- 


derwent implantation of the automatic defibril- 
lator using the lateral thoracotomy approach. 
To test the device, ventricular fibrillation 
was produced postoperatively by alternating 
current and was automatically terminated 
by the implanted device in 16 seconds. The 
patient did well for four months, but then 
had a number of spurious discharges that led 
his physician to deactivate the implanted de- 
vice with a magnet. The pulse generator was 
replaced two weeks later, at which time inter- 
mittent high-amplitude noise was recorded 
from the defibrillator leads, suggesting the 
possibility that lead noise led to the spurious 
defibrillator discharges. One month later, a 
new electrode was implanted intrapericardially 
through a subxiphoid approach, the old elec- 
trode patch being left in situ in its extrapericar- 
dial positon. A higher energy device was then 
implanted. Ventricular fibrillation was induced 
intraoperatively and automatically cardioverted 
by the unit in 33 seconds. 


Comment 

The subxiphoid approach obviates the need for 
a major thoracic operation during implantation 
of the automatic defibrillator. Although no sur- 
gical mortality or major complications were ob- 
served in the initial patients [4], the subxiphoid 
approach offers a number of important advan- 
tages. The operative and anesthesia times are 
considerably shortened. The incision is limited, 
so postoperative pain is minimal. The patients 
are usually awake at the end of the procedure 
and can be extubated immediately. The splint- 
ing, atelectasis, and pleural effusions that occa- 
sionally follow major thoracic operations are 
not seen. Mobilization after the operation is 
earlier, and hospital stay is shortened. Intra- 
operative electrophysiological testing of the de- 
vice often eliminates the need for postoperative 
studies. 

Candidates for this approach include patients 
who have not had a previous cardiac operation 
and those in whom an open-heart procedure is 
not indicated. These categories represent more 
than 45% of the candidate population to date. 
Lateral thoracotomy is favored for patients who 
have had previous cardiac operations, and me- 
dian sternotomy is used in patients requiring 
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open-heart operation and automatic defibril- 
lator implantation. 

Effective function of the automatic implant- 
able defibrillator after subxiphoid implantation 
has been demonstrated. Although further vali- 
dation is required, this approach is expected to 
become the procedure of choice in a large 
number of candidates for its use. 
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Notice from the American Board of Thoracic Surgery 


The Part I (written) examination will be held 
at the Amfac Hotel, Dallas/Fort Worth Airport, 
Dallas, TX, in January, 1984. The closing date 
for registration is August 1, 1983. 

To be admissible for the Part II (oral) exam- 
ination, a candidate must have successfully com- 
pleted the Part I (written) examination. 


A candidate applying for admission to the 
certifying examination must fulfill all the re- 
quirements for the Board at the time the appli- 
cation is received. 

Please address all communications to the 
American Board of Thoracic Surgery, 14640 E 
Seven Mile Rd, Detroit, MI 48205. 


Treatment of Esophageal Carcinoma 
by Combined Preoperative Chemotherapy 


Manjit S. Bains, M.D., David P. Kelsen, M.D., 
Edward J. Beattie, Jr., M.D., and Nael Martini, M.D. 


ABSTRACT Thirty-four patients with epidermoid 
carcinoma of the esophagus received a triple-drug 
regimen preoperatively consisting of cisplatin, 
vindesine, and bleomycin. Partial response to 
chemotherapy (greater than 50% reduction in mea- 
surable tumor size with concomitant improvement 
in swallowing function) was noted in 65% of the pa- 
tients. Of the 34 patients, 28 (82%) had resectable 
disease. A one-stage high esophagogastrectomy 
utilizing the end-to-end anastomosis stapling device 
was performed on all 28 patients. Operation was 
followed by external radiation therapy to the 
esophageal bed, to a tumor dose of 5,500 rads de- 
livered in 5 weeks. The postoperative median 
follow-up is now 14 months (range, 7 to 26 months). 
Thirteen patients are alive and well, and 10 patients 
have relapsed, 4 of whom are still alive with disease. 
Two patients died of postoperative complications, 
and 1 death was drug related. On the other hand, 5 of 
the 6 patients with unresected tumors died within 5 
months. While the preliminary results are en- 
couraging, longer follow-up will be required to de- 
termine whether the response rate to chemotherapy 
will result in a longer disease-free interval and 
longer survival. 


The great majority of patients with epidermoid 
carcinoma of the esophagus have done poorly 
despite our best efforts to improve local control 
of the tumor by surgery, radiation therapy, or a 
combination of these methods [1]. At the time 
of diagnosis, 60 to 80% of the patients are seen 
with advanced local disease or distant metas- 
tasis, where treatment can be palliative at best. 
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Patients with earlier and potentially favorable 
disease who are treated with aggressive surgery 
or radical radiation therapy also have very poor 
long-term survival. The reported median survi- 
val for patients with localized disease varies 
from 6 to 11 months [2-5]. 

Carcinomas in the lower two-thirds of the 
thoracic esophagus have generally been ap- 
proached surgically, whereas those located in 
the upper third of the esophagus have mostly 
been treated with external irradiation. Tumors 
in the latter location have been considered in- 
operable by reason of early extension to the ad- 
jacent vital structures. Results of treatment in 
carcinoma of the thoracic esophagus have been 
so dismal that many physicians have justifiably 
directed their attention toward improving the 
quality of survival by improving the patients’ 
nutritional status and their ability to swallow 
whenever possible, while dismissing all efforts 
to treat the carcinoma itself. The most conser- 
vative members of this group are still propo- 
nents of an intraluminal prosthesis to restore 
swallowing. However, a bypass procedure, 
preferably a gastric “pull-up,” when feasible, is 
considered a better form of palliation and has 
been recommended by several institutions [6]. 

There is clearly a need for improved methods 
of treatment for esophageal carcinoma. Con- 
ventional chemotherapeutic agents have been 
tried and have been shown to be unsatisfactory 
owing to poor response [7, 8]. Five years ago, 
we began to assess the value of intensive sys- 
temic chemotherapy with new agents. These 
were initially given to those patients with ad- 
vanced esophageal carcinoma who could not 
benefit from operation or irradiation. Major 
objective responses were noted in 19% of the 
patients with the combination of cisplatin and 
bleomycin [9]. A major response consisted of 
greater than 50% reduction in the size of all 
measurable tumor. Subsequently vindesine, a 
new Vinca alkaloid, used alone, demonstrated 
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tive chemotherapy, surgery, and radiation therapy. 
(DDP = cisplatin; DVA = vindesine; RT = radiation 
therapy.) 


an objective response rate of 18% in patients 
with advanced carcinoma of the esophagus [10]. 
We have since combined cisplatin and bleomy- 
cin with vindesine in patients who have ad- 
vanced inoperable disease [11, 12]. We have 
also used these three agents preoperatively in 
potentially operable patients with esophageal 
carcinoma. This article is a progress report on 
the results of this treatment regimen. 


Materials and Methods 

From July, 1979, to June, 1981, 65 consecutive 
patients with epidermoid carcinoma of the 
esophagus were considered for treatment by 
a combined modality regimen of chemother- 
apy, surgery, and radiation therapy. Of these 
65 patients, 25 were inoperable because of 
documented metastatic disease at the time they 
were first seen. Four had major medical prob- 
lems precluding surgery, and 2 refused opera- 
tion. Thirty-four patients underwent operation 
after chemotherapy. Nineteen of these were 
men, and 15 were women. The ages of the pa- 
tients ranged from 42 to 76 years, with a median 
of 60 years. The tumor was located in the cervi- 
cal esophagus in 3 patients, in the upper 
thoracic esophagus in 19 patients, and in the 
lower thoracic esophagus in 12. All patients 
were staged according to the criteria of the 
American Joint Committee for Cancer Staging 
and End Result Reporting [13]. Only 4 hada T1 
lesion (tumor that involved 5 cm or less of the 


tion, and that had no circumferential involve- 
ment and no extraesophageal spread), while the 
remainder had T2 lesions (tumor that involved 
more than 5 cm of the esophageal length with- 
out extraesophageal spread, or tumor of any 
size producing obstruction or involving the en- 
tire circumference). The length of the lesion on 
barium esophagogram ranged from 3 to 14 cm, 
with a median of 7 cm. Three-fourths of the le- 
sions were circumferential. 

In addition to a detailed history and physical 
examination, all patients had a chest roent- 
genogram, barium swallow, complete blood 
count, an SMA-12, serum electrolyte deter- 
mination, creatinine clearance, electrocardio- 
gram, pulmonary function tests, and esoph- 
agoscopy. All those with lesions located in the 
cervical or upper thoracic esophagus also had 
bronchoscopy to rule out tracheal disease 
by direct extension. If the serum alkaline phos- 
phatase level was elevated, scans of the liver 
and bone were obtained. 

The drug administration schedule consisted 
of intravenous cisplatin, 3 mg/kg or 120 mg/m? 
(whichever was less), on day 1 (Fig 1). The 
cisplatin was given after an overnight pre- 
hydration and mannitol-induced diuresis as 
previously described [14]. Bleomycin, 10 U/m’, 
was given intravenously as a loading dose on 
day 3, followed by a four-day infusion of 10 
U/m? per day. Vindesine, 3 mg/m’, was given 
intravenously on days 1, 8, 15, and 22. Meto- 
clopramide hydrochloride was used for control 
of nausea and vomiting [15]. 

Early in our series, 21 patients underwent a 
single course of cisplatin, bleomycin, and three 


523 Bains et al: Esophageal Carcinoma and Combined Preoperative Chemotherapy 


doses of vindesine, followed by resection on 
day 21. A second identical course was given 
starting 10 to 14 days postoperatively. Thirteen 
patients received the entire chemotherapy 
regimen preoperatively in the hope of obtain- 
ing a greater degree of tumor response. Ra- 
diation therapy was given postoperatively 
to patients who had involvement of the 
periesophageal tissue, mediastinal or celiac 
node disease, positive resection margin, or un- 
resectable tumor. A tumor dose of 5,500 rads 
was delivered to the involved area in 5 to 51⁄2 
weeks [11, 12]. 

At the time of the scheduled operation, a 
laparotomy was first done to assess resectabil- 
ity. Resection was attempted in all patients. The 
presence of metastatic disease of celiac lymph 
nodes per se did not preclude resection. How- 
ever, the presence of hepatic metastasis and 
fixation of the primary tumor or the celiac 
lymph nodes to the retroperitoneum, aorta, 
or pancreas were considered contraindica- 
tions to resection. Resection included any 
extension of the tumor to the diaphragm 
or to periesophageal tissue. Esophagectomy 
was performed through a separate midline 
laparotomy and a right thoracotomy incision, 
with simultaneous access to both pleural and 
abdominal cavities. When the disease was re- 
sectable, a single-stage resection with recon- 
struction was performed. For lesions located in 
the cervical esophagus or at the thoracic inlet, a 
two-team approach was used to perform an 
extrathoracic esophagectomy through laparot- 
omy and cervical incisions [16]. A mediastinal 
lymph node dissection was performed in every 
instance when a thoracotomy approach was 
used. The lymph node-bearing tissues around 
the celiac axis and left gastric area were also 
routinely excised. The proximal esophagus was 
transected as high as possible, or at least 5 cm 
above the palpable or pretreatment level of the 
tumor. A frozen-section analysis of the resected 
margin was always done in order to obtain 
a tumor-free margin. Esophagogastric anas- 
tomosis was accomplished using the end-to- 
end anastomosis (EEA) stapler.* 

A gastric drainage procedure in the form of a 
pyloroplasty or a pyloromyomectomy was rou- 
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tinely performed. If the primary tumor was not 
resectable and the patient had marked dys- 
phagia, a palliative substernal bypass or inser- 
tion of a Celestin tube was done to restore 
swallowing. 

Owing to the use of bleomycin in this treat- 
ment regimen, meticulous care was taken dur- 
ing anesthesia to keep the FiO, (fractional con- 
centration of oxygen in inspired gas) below 
35% in order to prevent any pulmonary toxicity 
[17, 18]. 

Nutritional support was given to all patients. 
Those tolerating oral intake were given dietary 
supplements. Otherwise, nutritional support 
was given preferably by the enteral route, 
through a small Silastic feeding tube (Dobhoff 
tube). Total parenteral nutrition was reserved 
for patients in whom a feeding tube could not 
be passed. 

Response to chemotherapy was evaluated by 
repeat barium esophagogram and confirmed by 
histological analysis of the resected specimen. 
Complete response was defined as total disap- 
pearance of the tumor, both radiologically and 
histologically. Response was considered sig- 
nificant, but partial, if at least 50% regression 
in the tumor mass was observed on the 
esophagogram concomitant with improvement 
in swallowing. Lesser responses were classified 
as minimal or no response. A curative resection 
was defined as one in which the primary tumor 
and its regional lymph nodes were removed, 
the margins of resection were not involved, and 
the tumor was not invading mediastinal struc- 
tures other than the nodes. Resection was con- 
sidered palliative when microscopic examina- 
tion revealed that the surgical margins were not 
free of tumor, or when celiac or gastric nodes 
had metastatic tumor. 


Results 

Of the 34 patients studied, 22 (65%) had major 
radiographic regression of the tumor, with 6 of 
these (18%) showing no residual abnormality 
on the esophagogram. Four patients had minor 
regression, and 8 had no response. Histological 
analysis of the resected specimens in the 
chemotherapy responders showed no residual 
tumor at the primary site in 3 patients. Two of 
these patients had microscopic disease, 1 in a 
regional lymph node and the other in a celiac 
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lymph node. Although the third patient had no 
residual disease in the specimen, the site of the 
tumor was densely adherent to the aorta, and 
completeness of the resection could not be as- 
certained. Additionally, 4 patients had only 
microscopic disease presenting as carcinoma in 
situ or as foci of tumor within the muscularis 
layer. In all 4 patients, the lymph nodes were 
free of tumor. 

Of the 34 patients, 28 had resectable disease 
(82%); 16 had operations that were potentially 
curative, and 12 palliative. The remaining 6 pa- 
tients had unresectable disease. Two patients 
(both with resectable tumor) died postopera- 
tively (5.8%), 1 from a cerebrovascular accident 
and 1 from respiratory failure. Of the 6 patients 
with unresectable disease, 5 died within 5 
months after initiation of therapy; 1 is alive 
with disease at 9 months. Of the 28 patients 
who had resections, 2 died postoperatively, 1 
died of renal failure related to cisplatin therapy, 
and 2 died of other causes (myocardial infarc- 
tion, and peripheral vascular disease with gan- 
grene of the leg) at 8 and 10 months, respec- 
tively, without any clinical evidence of tumor. 
Ten patients have relapsed, 6 of whom have 
died. Thirteen patients are alive and free of dis- 
ease. The median survival for the entire group 
is projected to be 18.5 months (Fig 2). 

Major but nonfatal postoperative complica- 
tions occurred in 10 patients. Three had varying 
degrees of pulmonary problems, 1 of whom re- 
quired a tracheostomy for prolonged respira- 
tory support. Transient cardiac arrhythmias 
were noted in 6 patients. Only 1 patient de- 
veloped an anastomotic leak. This was thought 
to be due to erosion into the stomach by the 
overlying chest tube, and it resolved once the 
tube was removed. Two patients have required 
dilation of an anastomotic stricture. In the early 
postoperative period, most patients had 
symptoms consistent with dumping; this re- 
solved over a few weeks, however, and none 
had any delay in gastric emptying. 

Unresectable tumor was found in 6 patients 
due to invasion of the adjacent major vessels 
in 2, fixation of tumor to the posterior me- 
diastinum in 3, and hepatic metastasis in 
1. Of these 6 patients, 2 had shown signifi- 
cant radiographic response to chemotherapy, 
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Fig 2. Survival from diagnosis in 34 patients. Boxes in- 
dicate patients receiving the chemotherapy regimen; 
tick marks indicate time of last follow-up. (DVB = 
combined regimen of cisplatin, vindesine, and bleomy- 
cin.) 


whereas 4 had little or no response (minimal re- 
sponse in 3, progression in 1). Two patients had 
a substernal gastric bypass, and 1 patient had 
insertion of a Celestin tube. 

In general, this chemotherapy regimen was 
well tolerated. Nephrotoxicity and myelosup- 
pression were the major side effects. Even 
though high-dose cisplatin was used, nausea 
and vomiting were seen less frequently due to 
the use of a new antinausea drug, metoclo- 
pramide hydrochloride. Alopecia occurred in all 
patients, and half of the patients had some de- 
gree of peripheral neuropathy, which was 
marked in only 2. These complications were re- 
versible in nearly all cases. One patient had se- 
vere renal damage and another suffered from 
irreversible hearing loss. Because of careful 
monitoring of FiO, during the surgical treat- 
ment, no case of acute pulmonary failure at- 
tributable to bleomycin toxicity was noted. 


Comment 

Survival in patients with epidermoid carcinoma 
of the esophagus depends on control of both 
local tumor and distant metastases. Unfortu- 
nately, the majority of patients have incurable 
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lesions when they are initially seen, due to lo- 
cally advanced disease or to distant metastasis. It 
is because of this that local efforts to control the 
tumor by surgery and irradiation have failed in 
most instances. Although a sizable number of 
newly diagnosed patients with carcinoma of the 
esophagus are seen with localized, potentially 
curable disease, initial control of the tumor by 
surgery or radiation therapy is possible in only 
20% of all patients. A five-year survival of 15 to 
20% is reported in this favorable group alone. 
The remaining patients (80% of all patients 
with esophageal carcinoma) either have cancer 
beyond the limit of local therapy or have re- 
sidual cancer after initial treatment. 

Pearson [5] in his extensive review of patients 
with esophageal cancer seen and treated in 
Scotland, indicated that in his favorable cases, a 
19% survival was obtained by therapeutic ex- 
ternal radiation alone. The favorable group con- 
sisted of 169 patients of 1,953 seen with 
esophageal carcinoma. Similarly, Nakayama 
and Kinoshita [19] reported a five-year survival 
of 37.5% in 191 patients with cancer of the 
thoracic esophagus treated by a short course of 
external radiation therapy followed by staged 
resection and reconstruction. This was a calcu- 
lation of cumulative survival, whereas five-year 
follow-up was available in only 8 of the 191 pa- 
tients, of whom 3 were alive and well. Since 
then, a corrected report has adjusted the five- 
year survival to 22% after combined irradiation 
and surgery, compared with 13% for resection 
alone and 6% for external irradiation alone. 
Again, the favorable group in their series con- 
sisted of 191 patients out of 6,282 seen with 
esophageal carcinoma. 

Although external radiation therapy alone is 
successful in relieving obstruction in half of all 
patients, it has been, in our experience, unfor- 
tunately short-lived owing to prompt recur- 
rence. We had therefore favored preoperative ir- 
radiation followed by surgical exploration and 
resection when feasible [20]. Operable patients 
have received 4,000 to 4,500 rads to the entire 
mediastinum in 4 to 5 weeks. Following a 4- 
week rest period, resection was performed. Our 
experience with preoperative radiation therapy 
followed by resection in localized tumors of the 
thoracic esophagus was comparable to the re- 


sults obtained by Pearson and by Nakayama 
and Kinoshita. The five-year survival in our 
favorable group of patients so treated was 19%, 
This favorable group consisted of 85 patients 
(4.3%) of 1,953 with esophageal carcinoma seen 
at Memorial Sloan-Kettering Cancer Center. In 
a more recent update of 76 patients receiving 
preoperative radiation therapy at Memorial 
Sloan-Kettering Cancer Center during the pe- 
riod 1965 to 1976, 54% had resectable disease. 
Seven survived for more than three years [21]. 

Conventional chemotherapeutic agents have 
been of little benefit in the treatment of this 
disease; the use of investigational drug combi- 
nations has been more rewarding. Initial 
studies using cisplatin, a new heavy metal an- 
tineoplastic agent, began at Memorial Hospital 
in 1976 [9]. The drug was used in combination 
with bleomycin, given as an infusion, on the 
basis of data showing the effectiveness of these 
agents in patients with advanced squamous cell 
carcinomas of the head and neck. As already 
discussed, major responses were seen in about 
one-fifth of the patients. In the follow-up study 
with vindesine, an 18% complete and partial 
response rate was noted, including responses 
in patients who had received several courses of 
cisplatin and bleomycin [10]. The three drugs 
appear to lack cross-resistance. Each of the 
three agents has a different spectrum of toxicity 
(bleomycin’s major toxicity is pulmonary fibro- 
sis; cisplatin’s major toxicity is renal damage 
and nausea and vomiting; and vindesine’s 
major toxicity is a peripheral neuropathy). They 
also have differing mechanisms of action— 
bleomycin causes DNA strain breaking, cis- 
platin functions as an alkylating agent, and 
vindesine is an inhibitor of mitosis. Because of 
these characteristics, the three agents were 
combined in the current trial. 

The current study, which is still in progress, 
demonstrates that cisplatin, vindesine, and 
bleomycin together form an effective combi- 
nation of agents in the treatment of esopha- 
geal carcinoma. It is now incumbent on us to 
compare the current modes of preoperative 
chemotherapy with preoperative radiotherapy 
frequently used by many institutions. We have 
therefore designed and recently embarked on a 
randomized protocol comparing these two 
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forms of treatment when given preoperatively. 
Both of these treatments are then reversed and 
given postoperatively to patients with residual 
disease or with involved regional lymph nodes 
after resection. Ideally, a third arm of treatment 
is necessary—that of comparing treatment by 
surgery alone as opposed to preoperative 
chemotherapy or postoperative radiation ther- 
apy. The number of patients we see, however, 
is too small to permit further randomization. 
We sincerely hope that our preliminary obser- 
vations of effective response will translate into 
prolonged survival as further follow-up infor- 
mation becomes available. 


Supported in part by the National Cancer Institute, 
Grant CA-05826. 
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Discussion 

DR. JOHN C. ALEXANDER, JR (New York, NY): Squa- 
mous carcinoma of the esophagus represents one of 
the most difficult and frustrating diseases that we as 
thoracic surgeons face. The authors are to be con- 
gratulated for their aggressive and innovative ap- 
proach to this discouraging problem. 

Esophageal surgery has become safer in the last 
decade, but still carries a significant mortality and 
morbidity. We are familiar with the usual pattern of 
morbidity in patients subjected to esophagogastrec- 
tomy. Recently, major improvements have been 
made in this area. The stapling device appears to re- 
duce the incidence of anastomotic leaks and their 
associated morbidity and mortality. Liberal periopera- 
tive use of hyperalimentation has improved the gen- 
eral condition of our patients and has lessened, to a 
degree, the problems associated with malnutrition so 
often seen in this group. The benefits of preoperative 
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chemotherapy presented by Dr. Bains are encourag- 
ing but, as the authors point out, preliminary. We 
would all hope that these promising results, in time, 
will become solid facts. 

I would offer a word of caution, however. Even 
in the hands of experts at Memorial Hospital, ag- 
gressive chemotherapy is potentially harmful. The 
current report describes 1 death attributed to 
chemotherapy-induced renal failure and 1 peri- 
operative septic death that may have been related to 
chemotherapy. Chemotherapy used as the authors 
describe has a new and different series of problems 
with which we are obliged to become familiar. Renal 
failure, depressed white cell count, sepsis, nausea, 
vomiting, alopecia, hearing loss, and impaired 
wound healing all must be kept in mind. The most 
striking chemotherapy-related problem that jeopar- 
dizes these surgical patients is pulmonary insuffi- 
ciency. Patients who receive bleomycin develop a se- 
vere interstitial pneumonitis when exposed to even 
modest increases in inspired oxygen for any length of 
time. Attention to this detail is critical to the success 
of this treatment regimen. 

In conclusion, these promising results have a 
price. New and possibly still unknown problems 
await us as aggressive chemotherapy becomes an 
integral part of the treatment for this and other dis- 
eases that we are called upon to treat. A team ap- 
proach to patient management is critical. The sur- 
geon, anesthesiologist, chemotherapist, radiation 
therapist, and nutritionist must all work together 
closely and understand each others’ strengths and 
weaknesses if the patient is to benefit fully. 


DR. ZWI STEIGER (Allen Park, MI): I was glad to learn 
that Dr. Bains uses chemotherapy alone, because we 
at Wayne State University use chemotherapy and 
radiotherapy, and we weren’t sure what effects each 
of them has. Since 1977 we have used 5-fluorouracil 
and mitomycin C, for which we later substituted 
cis-platinum. Simultaneously, we give 3,000 rads to 
the tumor. The chemotherapy is repeated on com- 
pletion of radiotherapy. The operation is done ap- 
proximately 60 days after initiating treatment. 

We have treated 112 patients to date, 59 of whom 
have had an esophagectomy. In 20 patients (34%), 
no residual tumor was seen grossly or histologically. 
In 1 patient, in whom no residual tumor of the 
esophagus was found, liver metastases were seen. 
This confirms what we and others believe: that 
the chemotherapeutic agents have radiosensitizing 
properties and, therefore, an advantageous effect 
over chemotherapy or radiotherapy alone. Some re- 
spiratory complications were attributed to the com- 
bined treatment, but overall the benefits outweigh 
the disadvantages. 

The combined treatment makes resectable most le- 
sions previously considered locally nonresectable. It 
makes the operation technically easier. We hope that 


it will improve the dismal outlook for carcinoma of 
the esophagus. 


DR. HOWARD S. BROWN (Atlanta, GA): I think we need 
all the help we can get with this horrible disease. 

I would like to ask Dr. Bains whether he used this 
regimen on any patient with early involvement of the 
trachea and, if so, if an inoperable patient was con- 
verted to a resectable patient as a result. Also, I 
would like to ask if he noticed any problems with 
oxygen toxicity when using the double-lumen endo- 
tracheal tube in patients who had had the preopera- 
tive chemotherapy regimen. I find that the double- 
lumen tube is extremely helpful, but very high FiO, 
concentrations are often needed to oxygenate the pa- 
tient adequately when collapsing one lung. I wonder 
whether he has found any trouble with oxygen 
toxicity when having to use high oxygen concen- 
trations. 


DR. EDWARD J. BEATTIE (New York, NY): I would like 
first to thank Dr. Alexander for his very pertinent 
comments; second, I congratulate Dr. Steiger. He has 
a very interesting series, and we too will await his 
end results to see what effect his protocol has on the 
survival curves. We certainly need something more 
than surgery alone. 

Our thought in this experiment, as he pointed out, 
was to try to determine what preoperative che- 
motherapy alone might do. We would need the co- 
operation of many institutions if we were to com- 
pare preoperative chemotherapy with preoperative 
radiotherapy. 

Dr. Brown asked about involvement of the trachea. 
We have not used chemotherapy preoperatively in 
cancer of the esophagus when the trachea was in- 
volved. One would have a good chance of causing a 
tracheoesophageal fistula. We have been careful 
about using preoperative radiation therapy when 
cancer of the esophagus appears to involve the 
trachea. 

I would like to stress again the oxygen toxicity of 
bleomycin. However, I do not believe that bleomycin 
alone is involved in oxygen toxicity. Some years ago, 
our anesthesia department found that the interstitial 
fibrosis and respiratory insufficiency that followed 
chemotherapy resulted from oxygen toxicity. We are 
now careful not to raise the inspired oxygen concen- 
tration in a thoracotomy patient above 35%. Since 
doing that, we have not produced respiratory insuf- 
ficiencies. 

Dr. Bains has showed that 75% of these cancers 
had better than a 25% objective remission from 
chemotherapy. To me, this is very remarkable. With 
that kind of response, it certainly appears reasonable 
to continue this study. 

My second point is that chemotherapy does not 
seem to make the surgery more difficult. It does ap- 
pear to be well tolerated. Dr. Alexander’s comments 
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about the toxicity of the regimen are well founded. 
The protocol pays very careful attention to detail, and 
this is not an easily given minor treatment course. It 
takes a sophisticated chemotherapist to do this 
safely. Obviously, what is needed is simplification of 
these chemotherapy protocols. We would hope to get 
better drugs with fewer side effects. If this technique 
works, it will be a big stimulus to find new drugs. 


Preoperative chemotherapy is the best way of car- 
rying out in vivo chemotherapy sensitivity testing. 
This is an important principle. If one finds a sensi- 
tive tumor, one can then use the chemotherapy as a 
prophylactic adjuvant, as with breast cancer. 

Chemotherapy does open up a new area in 
esophageal cancer, and we may make some progress 
in this area, which is long overdue. 


Vascular Anastomoses in Growing Vessels: 
The Use of Absorbable Sutures 


John L. Myers, M.D., John A. Waldhausen, M.D., 
Walter E. Pae, Jr., M.D., Arthur B. Abt, M.D., 
G. Allen Prophet, B.S., and William S. Pierce, M.D. 


ABSTRACT Primary end-to-end infrarenal aortic 
anastomoses were performed in 36 piglets using two 
synthetic absorbable suture materials: polydi- 
oxanone and coated polyglactin. Animals were 
killed at 1, 4, and 11 weeks and 6 months fol- 
Each removed, 
burst-tested to 300 mm Hg, radiographed, and ex- 


lowing operation. aorta was 
amined histologically. All anastomoses were patent, 
and no burst-test failures occurred. Stenosis oc- 
curred in 14 of 17 animals at 1 and 4 weeks, respec- 
tively. One of 5 animals exhibited stenosis at 11 
weeks, and none of the 14 animals had stenosis 6 
months postoperatively. Histological examination 
revealed fibrosis replacing areas of disrupted elas- 
tica at 6 months in both suture groups. This study 
suggests that absorbable suture material, in particu- 
lar polydioxanone, because of its excellent handling 
characteristics and prolonged tensile strength reten- 
tion, will be useful for the repair of vascular and 
cardiac anomalies where growth of the suture line is 
required. 


Growth of a primary vascular anastomosis is 
influenced by the technique of anastomosis as 
well as the suture material utilized. However, 
stenosis still remains a major problem in the 
growing patient. With early operative repair of 
coarctation of the aorta by end-to-end anas- 
tomosis, for example, the incidence of recoarc- 
tation in infants under 6 months of age has 
been reported to be as high as 62% [1]. This 
study was designed to observe the growth of 
vascular anastomoses performed with two 
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synthetic absorbable polyester suture materials: 
monofilament polydioxanone [2] and braided 
multifilament coated polyglactin [3]. 


Materials and Methods 

Thirty-six piglets (body weight 12.7 + 3.3 kg, 
standard error of the mean [SEM]) were anes- 
thetized utilizing a mixture of halothane and 
oxygen. Following endotracheal intubation, a 
left retroperitoneal flank incision was per- 
formed; the infrarenal abdominal aorta was ex- 
posed and its external diameter measured (Fig 
1). Each animal was anticoagulated with hepa- 
rin (100 U/kg), and end-to-end anastomosis of 
the infrarenal abdominal aorta was performed 
using a continuous suture technique. The site 
of anastomosis was then marked by a nonab- 
sorbable suture in order that precise identifica- 
tion of the anastomosis could be made at future 
postmortem examination. All anastomoses were 
performed with size 6-0 suture material with 
the aid of 2.5 power magnification loupes. The 
animals were returned to cages until their skin 
wounds were healed, and then placed in free- 
range pens until the time of killing. 

Animals were killed at 1 week, 4 weeks, 11 
weeks, and 6 months following operation. The 
abdominal aortas were carefully excised, and all 
branches were ligated. Each vessel was then 
filled with a water-soluble roentgenographic 
contrast material at a mean intraluminal pres- 
sure of 100 mm Hg, radiographs were taken, 
and diameters were calculated 1 cm proximal to 
the anastomosis, at the anastomosis, and 1 cm 
distal to the anastomotic site. Following this, 
each aorta was burst-tested at a mean in- 
traluminal pressure of 300 mm Hg (Fig 2). The 
aorta was opened longitudinally and photo- 
graphs of the gross specimen were taken. The 
specimens were fixed in formalin, and repre- 
sentative sections were embedded in paraffin 
and stained with hematoxylin and eosin and 
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Fig 1. Retroperitoneal approach for anastomosis of the 
infrarenal abdominal aorta. Inset shows position of the 
left flank incision. 
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Fig 2, Device for burst-testing the abdominal aorta. A Fig 3. Representative aortic anastomoses performed > 
polyvinyl tube is inserted into each end of the vessel and with polydioxanone (PDS) and coated polyglactin 

secured with a heavy ligature. One tube is occluded, (CPG) at the time of postmortem examinations. (A) PDS 
and the other tube is connected to a saline-filled syringe at 6 months. (B) PDS at 11 weeks. (C) PDS at 4 weeks. 
and mercury manometer. (D) CPG at 6 months. (E) CPG at 11 weeks. (F) CPG at 


4 weeks. The arrow marks the anastomosis. 
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Fig 4. Radiograph of a representative abdominal aorta 
filled with roentgenographic contrast material at a pres- 
sure of 100 mm Hg. The anastomosis is marked by the 
arrow. 


with elastic van Gieson before being examined 
by routine light microscopy. 


Results 

Six months following operation, the body 
weight had increased to a mean of 1,016% of 
the operative weight (from 12.7 + 3.3 to 141.7 + 
27.8 kg SEM), and the aortic diameter had in- 
creased by 155% (from 6.2 + 0.8 to 15.8 + 1.8 
mm SEM). There were no postoperative com- 
plications or deaths. All anastomoses were pa- 
tent, and no vessel failed burst-testing at 300 
mm Hg pressure. No intraluminal suture, with 
or without adherent thrombus, was seen in any 
vessel. Photographs of representative anas- 
tomoses in each group examined 4 weeks, 11 
weeks, and 6 months postoperatively are 
shown in Figure 3. These anastomoses exam- 
ined 6 months postoperatively showed smooth 
intima at the anastomotic site and were difficult 
to distinguish from adjacent normal vessel (see 
Fig 3A, D). Figure 4 is a representative radio- 


Table 1. Results of 6-0 Polydioxanone Running Suture Technique 


a 








At Operation At Killing 
Aortic Average Relative 
Area? Time in Area” Anastomosis Change“ 
Pig No. Weight (kg) (mm?) Days Weight (kg) | (mm/’) (mm?) (%) 
216 13.6 28.2 194 175.0 176.8 176.6 0 
217 14.1 28.2 193 164.5 188.5 188.5 0 
218 16.4 44.1 181 161.8 201.2 201.0 0 
219 18.2 50.2 182 175:3 176.6 176.6 0 
220 9.1 23.7 203 142.7 201.0 201.0 0 
221 10.9 33.1 203 142.7 86.7 86.5 0 
222 11.4 44.1 214 150.0 176.6 176.6 0 
244 8.6 19.6 77 40.0 78.5 78.5 0 
245 9.5 23.7 77 49.1 95.0 95.0 0 
223 9.1 28.2 28 13.6 44.4 33.2 —25 
257 18.6 44.1 31 23.0 47.2 23:7 —50 
239 9.1 19.6 21 15.0 28.3 19.6 —31 
256 16.8 PRA 22 22.8 47.6 23.7 —50 
250 10.5 33] 9 13.2 30.7 28.3 —8 
251 13.6 44.1 9 17.7 23.9 28.3 +18 
254 13.6 28.2 5 159 26.0 28.3 +9 
255 15.0 33.1 5 17.3 44.4 28.3 —36 


a 


4aMeasurement taken at anastomotic site. 


"Average Area = (area 1 cm proximal + area 1 cm distal to anastomosis) + 2. 
‘Minus denotes relative decrease and plus denotes relative increase in aortic cross-sectional area. 
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Table 2. Results of 6-0 Coated Polyglactin Running Suture Technique 


ŘS 





At Operation At Killing 
Aortic Average Relative 
Area? Time in Area” Anastomosis Change" 
Pig No. Weight (kg) (mm?) Days Weight (kg) (mm?) (mm?) (%) 
224 8.6 23.7 244 168.6 176.8 176.6 0 
225 9.1 28.3 244 155:5 132.6 132.6 0 
237 10.0 19.6 183 113.6 108.4 113.0 +4 
238 8.6 19.6 183 103.2 113.0 113.0 0 
240 10.9 28.3 191 97.3 113.2 113.0 0 
242 10.0 50.2 185 130.0 132.6 132.6 0 
243 10.0 38.5 185 102.7 143.3 143.1 0 
246 10.0 19.6 78 36.4 67.6 70.8 +5 
247 9.1 23.7 78 34.5 86.7 78.5 —10 
258 14.5 23.7 74 41.8 63.6 63.6 0 
249 13.6 38.5 35 32.7 68.4 70.8 +4 
260 16.6 38.5 35 23.2 44.2 28.3 —36 
261 20.0 44.2 35 29:1 41.7 28.3 =32 
248 11.8 28.3 22 21.8 38.5 33.2 —14 
259 15:9 28.3 20 24.5 53.5 28.3 —47 
252 15.0 33.2 5 16.8 33.2 15.9 =52 
253 16.8 28.3 5 18.6 38.5 19.6 —49 
262 14.5 28.3 5 17.7 30.7 23.7 —23 
263 12.3 28.3 5 13.6 26.0 19.6 —25 


eee 


*Measurement taken at anastomotic site. 


"Average Area = (area 1 cm proximal + area 1 cm distal to anastomosis) + 2. 
“Minus denotes relative decrease and plus denotes relative increase in aortic cross-sectional area. 


graph of an aorta removed 6 months postopera- 
tively. The relative change in anastomotic area 
for the polydioxanone and coated polyglactin 
suture groups is shown in Tables 1 and 2, re- 
spectively. In piglets killed at 1 week and 4 
weeks postoperatively, stenosis was present in 
6 of 8 animals and 8 of 9 animals, respectively. 
Between 4 weeks and 11 weeks postoperatively 
there was a significant (p < 0.0001) decrease in 
the incidence of stenosis. Only 1 of 5 animals 
exhibited stenosis at 11 weeks postoperatively, 
and none of the 14 animals had stenosis 6 
months postoperatively (see Tables 1, 2). 
Histological examination of the anastomoses 
revealed areas of medial necrosis and calcifica- 
tion at 1 and 4 weeks. A fibroblastic and his- 
tiocytic reaction of varying intensity was pres- 
ent at 1 week, and a well-developed foreign 
body reaction was noted at 4 weeks. At 11 
weeks, the granulomatous foreign body reac- 
tion was more localized to areas of degenerating 


suture material and the foci of necrotic media 
were no longer present. These areas were re- 
placed by collagen deposits, but still exhibited 
modest fibroblastic proliferation. At 6 months, 
suture material could no longer be identified in 
either specimen and the inflammatory reaction 
had subsided. Evidence of extensive elastica 
disruption was apparent, and these areas 
showed replacement by dense fibrous tissue 
(Fig 5). There were no discernible differences in 
the pathological alterations between the two 
groups. 


Comment 

The concept of using absorbable suture mate- 
rials for vascular anastomoses in growing ves- 
sels was first advocated in the early 1950s. Sev- 
eral investigators used catgut suture material in 
vascular anastomoses with good results in ex- 
perimental animals [4-8] and clinically in three 
patients [8]. More recently, polyglycolic acid, a 
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Fig 5. (A) The aorta excised at 4 weeks shows an area of 
necrosis (large arrow) and a fragment of polydioxanene 
suture (small arrow) surrounded by inflammatory cells. 
(H&E with polarized light; X75.) (B) An aorta excised 
at 11 weeks exhibits scattered fragments of polyglactin 
suture (arrows) and minimal inflammation. (H&E with 
polarized light; X75.) (C) The elastic tissue is absent at 
the right, and a fragment of polydioxanone suture ts 
noted (arrow) in an aorta excised at 11 weeks. (Elastic 
van Gieson; X75.) (D) At 6 months, the aorta is com- 
posed of dense fibrous tissue. Small fragments of cal- 
cified elastic tissue (arrows) are noted. (H&E; X75.) 
The intimal surface is at the top in all photographs. 
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synthetic absorbable suture, has yielded good 
results in our laboratory [9] and others [10-12], 
and has been used successfully in clinical vas- 
cular operations in Taiwan [13]. Despite these 
experimental studies demonstrating good re- 
sults in vascular anastomoses performed with 
catgut and polyglycolic acid suture materials, 
absorbable sutures have yet to be accepted in 
clinical vascular or cardiac surgery because of 
concern that the suture material would be de- 
graded before sufficient anastomotic healing 
occurred. 

Two new synthetic absorbable sutures are 
now available for clinical use: polydioxanone, a 
monofilament suture material, and coated 
polyglactin, a multifilament braided suture 
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Fig 6. The in vivo tensile strength of 6-0 polydioxanone 
(PDS) and coated polyglactin (CPG) suture materials as 
a function of time. The dashed line represents the tensile 
strength of size 6-0 polypropylene (PP). (Data supplied 
through the courtesy of Ethicon, Inc., Somerville, NJ.) 


material. The tensile strengths of these two su- 
ture materials are shown in Figure 6. Coated 
polyglactin has lost all tensile strength by 31⁄2 
weeks; however, polydioxanone still has nearly 
50% of its tensile strength at 4 weeks and is 
not completely absorbed for 6 months. The 
monofilament polydioxanone had handling 
characteristics similar to polypropylene and 
passed through tissues easily with minimal 
drag, whereas coated polyglactin had moderate 
tissue drag. 

Piglets were chosen as the experimental ani- 
mal for our study because they have been 
shown to double or triple their aortic diameter 
from 6 weeks to 6 months of age, which is com- 
parable to the increase observed in the growing 
child from birth to maturity [14]. Additionally, 
the histology of the pig aorta closely resembles 
that of the human aorta [15]. Previous studies 
from our laboratory using the growing piglet 
demonstrated some of the complications that 
may result when nonabsorbable suture (poly- 
propylene) is used for vascular anastomoses 
where growth is required, namely, stenosis and 
intraluminal suture with adherent thrombus 
[9]. 

In this study, no anastomotic leaks or dis- 
ruptions were observed in either suture group, 
and both suture materials eliminated any 
long-term restraining bands or intraluminal 


suture material. Stenosis seen early was a result 
of a pursestring effect of the suture at the time 
of operation; however, as the absorbable suture 
material was degraded, there was no restrain- 
ing band, thus allowing the anastomosis to 
grow with'the normal vessel. No stenosis ap- 
proached hemodynamic importance. There was 
a significant decrease in the number of animals 
exhibiting stenosis between 4 and 11 weeks, 
which coincides with the time in which the ten- 
sile strength of polydioxanone suture material 
had diminished to less than 45% and that of 
coated polyglactin to zero. Aneurysmal dilata- 
tion was not seen in any anastomosis. 

Our study supports the work of previous in- 
vestigators and obviates the concern about 
whether absorbable suture material is safe for 
for primary vascular anastomoses. Absorbable 
monofilament polydioxanone would be useful 
in a variety of procedures to repair vascular and 
cardiac anomalies in infants and children, such 
as coarctation of the aorta, interrupted aortic 
arch, total anomalous pulmonary venous re- 
turn, Blalock-Taussig anastomosis, and the 
Senning procedure for transposition of the 
great vessels. 

In summary, vascular anastomoses in grow- 
ing vessels performed with the absorbable 
suture materials polydioxanone and coated 
polyglactin resulted in no stenosis at 6 months, 
a smooth intimal surface at the anastomotic 
site, no intraluminal suture material, and a 
strong vessel. There were no burst-test failures 
at 300 mm Hg. This study suggests that absorb- 
able suture material would be useful for the re- 
pair of a variety of vascular and cardiac anom- 
alies in which growth of the suture line or 
vascula? anastomosis is required. Because of 
its excellent handling characteristics and pro- 
longed tensile strength retention, monofila- 
ment polydioxanone is the absorbable suture 
material of choice for anastomoses in growing 
vessels. 


Suture materials for this study were kindly provided 
bv Dr. Richard Kronenthal of Ethicon, Inc., Somer- 
ville, NJ. 
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Discussion 
DR. JACK J. CURTIS (Columbia, MO): In 1972 I had the 
memorable experience of working in the laboratory 


with Dr. Jerry Wada, studying arterial anastomotic 
growth with absorbable suture. This was at a time 
when reports of recoarctation of the aorta were plen- 
tiful and shunting procedures for cyanotic heart dis- 
ease were common. We too chose the pig model for 
studying arterial anastomotic growth, realizing that 
the aortic diameter may increase 400% with matur- 
ity. We also used a synthetic absorbable suture and 
continuous suture technique, and were very excited 
with our observation of unimpeded growth of the 
arterial anastomosis. Of course, Alexis Carrel had 
made this observation several decades before, using 
catgut suture. Indeed, just as reported today, we had 
difficulty discerning the area of anastomosis. We 
suggested to a major suture manufacturing company 
that if they would coat the absorbable suture to re- 
duce arterial drag, they might have a good product 
for pediatric arterial surgery. They didn’t think that 
the market was available, and I have not had the in- 
testinal fortitude to use the suture in patients despite 
our investigational observations. We are aware, of 
course, that ‘absorbable suture has been used suc- 
cessfully in human beings for arterial anastomoses. 

I would ask the authors if they are now planning to 
apply their investigational observations to their 
clinical practice. 


DR. FRITZ DEROM (Ghent, Belgium): In a similar but 
still uncompleted investigation with polydioxanone, 
our studies confirm that a running suture does not 
result in stenosis after 6 months in the growing pig. 
According to our findings, however, this is only part 
of the story. 

We used 12 growing pigs, of which 6 with Prolene 
(controls) and 6 with polydioxanone were killed at 6 
months. In all 6 pigs with polydioxanone, we found 
marked dilatation of the vessel at the anastomotic 
point. The increase in diameter varied between 30 
and 120%. Although there were some stenoses in the 
control pigs, we did not observe dilatations in them. 
In these experiments we tried to mimic clinical con- 
ditions, and therefore all anastomoses were per- 
formed after excision of a portion of the aorta and 
under a certain amount of tension. We postulate that 
this tension, which is similar to what we have to deal 
with in clinical cases, was responsible for the 
aneurysmal dilatations. 


DR. MYERS: I thank the discussants for their interest- 
ing comments. In answer to Dr. Curtis’s question, 
we do plan to proceed with clinical trials using 
polydioxanone suture in a variety of cardiac and vas- 
cular anomalies, to include atriotomy closure, the 
Senning procedure for transposition of the great ves- 
sels, Blalock-Taussig anastomosis, and for repair of 
total anomalous pulmonary venous return, coarcta- 
tion of the aorta, and interrupted aortic arch. 

As noted in our paper, several investigators have 
documented in the literature that the aortic growth in 
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piglets occurring from approximately 4 weeks to 6 
months of age is equivalent to the growth seen in 
children from a very young age to maturity. Addi- 
tionally, the histology of the pig aorta is very similar 
to that of human beings. For these two reasons, we 
chose the piglet for our studies. 

In answer to Dr. Derom’s question, the aortogram 
shown in Figure 3 is representative of all our anas- 
tomoses examined at 11 weeks and 6 months. We did 
not see any dilatation of anastomoses at 6 months. 
We did not excise a segment of aorta as you have 
done, and perhaps undue tension on your anas- 
tomoses resulted in the aneurysm formation you 


have shown. In the past, silk, which is ‘ultimately an 
aksorbable suture, has been used for vessel-to-vessel 
anastomoses without aneurysm formation. 

Furthermore, as we have shown in previous 
studies in growing vessels using polypropylene, the 
suture material straightens as ethe circumference 
of the anastomosis increases; with further growth, 
the polypropylene suture may break or pull through 
the vessel wall, forming a “bowstring” of suture 
material across the vessel lumen. At this point, that 
portion of the aortic wall no longer has any suture 
material holding it together and is maintained only 
by the natural healing process. 





Erratum 


The Annals of Thoracic Surgery regrets that an 
error appeared in a recent article by Dr. Mikel 
D. Smith and colleagues (Surgical Correction of 
Congenital Tricuspid Stenosis, Ann Thorac 
Surg 34:329, 1982). On page 330, the frames for 

' Figure 1 have been transposed; thus, 1A should 
be 1B, and vice versa. 


Extended Endocardial Resection 
for the Treatment of Ventricular Tachycardia 


and Ventricular Fibrillation 


John M. Moran? M.D., Richard F. Kehoe, M.D., 
Jerod M. Loeb, Ph.D., Peter R. Lichtenthal, M.D., 


John H. Sanders, Jr., 


ABSTRACT A total of 40 patients with drug- 
refractory, life-threatening cardiac rhythm distur- 
bances—ventricular tachycardia in 23 patients and 
ventricular fibrillation in 17 patients—underwent 
extended endocardial resection (EER) of scar tis- 
sue. Scarring was due to myocardial infarction in 
38 patients, to previous congenital heart operation 
in 1 patient, and to sarcoidosis of the heart in 1. The 
EER procedure was directed by epicardial and en- 
docardial mapping data whenever possible, and was 
usually combined with revascularization, aneu- 
rysmectomy, or, in 5 patients, mitral valve replace- 
ment. Operative mortality was 10%, incident to poor 
preoperative ventricular function and hemorrhage 
secondary to previous cardiac surgical procedures. 

Thirty-three of the 36 survivors (92%) are free of 
arrhythmia at follow-up periods ranging from 3 to 
36 months (mean, 12.5 months); the arrhythmia in 
the remaining 3 patients is now drug controlled. 
Thirty-three patients had postoperative electro- 
physiological studies, and in 30 (91%), the ar- 
rhythmia was no longer inducible. The results of 
surgical treatment for ventricular tachycardia and 
ventricular fibrillation were similar. The results also 
proved satisfactory whether the EER procedure was 
directed by visual observation or mapping. 


Operative therapy directed specifically toward 
the control of recurrent, disabling, and life- 
threatening ventricular arrhythmias has de- 
veloped rapidly over the past few years [1-5]. 
There are several reasons for this: (1) ventricular 
rhythm disturbances commonly occur in post- 
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infarction patients with ventricular aneu- 
rysms, and it has become apparent that 
aneurysmectomy, with or without coronary re- 
vascularization, has failed to consistently con- 
trol the arrhythmias (3, 6]; (2) it is now possible 
to induce, map, and terminate ventricular 
tachycardia using electrophysiological tech- 
niques [7-10]; (3) intraoperative epicardial 
and endocardial mapping during ventricular 
tachycardia have also become practical [1, 3, 4]; 
and (4) the success of cardiopulmonary resus- 
citation as practiced by medical technicians and 
the lay public, together with the realization that 
sudden death is often an arrhythmic event due 
to remote infarction, has created a reservoir of 
patients in whom it is now possible to do elec- 
trophysiological investigation [11]. A primary 
goal of electrophysiological study is to select a 
specific drug therapy that will control the ar- 
rhythmia. If none can be found, or if drug tox- 
icity develops, surgical treatment may become 
appropriate. This article describes the devel- 
opment and the results of our method of ex- 
tended endocardial resection (EER) in the 
treatment of patients with recurrent, drug- 
resistant ventricular tachycardia and selected 
patients surviving documented out-of-hospital 
ventricular fibrillation; the ventricular fibrilla- 
tion patients constitute a clinical entity distinct 
from the ventricular tachycardia group. The 
previous surgical literature has described the 
results of treatment only in patients with recur- 
rent ventricular tachycardia. 


Patients and Methods 

Patient Population 

Forty patients seen consecutively with either 
sustained recurrent ventricular tachycardia (23 
patients) or ventricular fibrillation (17 patients) 
have undergone electrophysiological study and 
operation primarily for control of arrhythmia. 
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All but 2 had underlying coronary artery dis- 
ease with infarction from 1 month to 26 years 
prior to operation. One patient had recurrent 
ventricular fibrillation associated with sar- 
coidosis of the papillary muscles, and another 
had recurrent ventricular tachycardia caused by 
a tight ventricular incisional scar incident to 
ventricular septal defect (VSD) repair 12 years 
previously. 


Cardiac Catheterization 

All patients underwent complete angiographic 
and hemodynamic cardiac catheterization as 
well as electrophysiological investigation using 
programmed electrical stimulation. The elec- 
trophysiological studies demonstrated persis- 
tence of inducible ventricular tachycardia in 
all patients, despite multiple interventions with 
conventional and experimental antiarrhythmic 
drugs. This finding has been associated with a 
high probability of subsequent recurrence of 
life-threatening arrhythmia [12, 13]. Preopera- 
tive endocardial catheter mapping of induced 
ventricular tachycardia was not employed in 
the electrophysiological assessment of these 
patients. 

Thirty-two of the patients were men, and 8 
were women. The age range was 15 to 69 years; 
the average age in the 38 patients with coronary 
artery disease was 56 years (range, 34 to 69 
years). Twenty-eight patients had triple-vessel 
disease, 8 had double-vessel disease, and 2 had 
single-vessel disease. All 38 were observed to 
have left ventricular wall motion abnormality at 
ventriculography. This condition was severe 
enough to be classified as aneurysm and to re- 
quire resection at operation in 29; in the re- 
maining 9 patients, the transmural scar was 
simply incised to gain access to the left ventricle 
for endocardial resection. The location of the 
left ventricular wall motion abnormality was 
anteroseptal in 26 patients, inferior in 9, lateral 
in 1, and a combination of anteroseptal and in- 
ferior in 2. Marked hemodynamic compromise 
was common. The mean cardiac index was 2.5 
L/min/m? (range, 1.7 to 3.7 Limin/m?); the mean 
left ventricular end-diastolic pressure was 17 
mm Hg (range, 4 to 35 mm Hg); the mean pul- 
monary artery pressure was 23 mm Hg (range, 7 
to 46 mm Hg); and the mean ejection fraction 


‘was 34% (range, 14 to 65%). The preoperative 


New York Heart Association (NYHA) Func- 
tional Classification was Class III or IV in 37 
patients; 1 patient was in Class IL. 

The two noncoronary patients had normal 
hemodynamics and no ventricular wall motion 
abnormality, and both were in NYHA Func- 
tional Class II. Their only disability was drug- 
refractory recurrent ventricular arrhythmia. 


Operative Mapping 

Antiarrhythmic drugs were discontinued prior 
to operation at a time interval that was consid- 
ered safe for the patient, yet would allow ven- 
tricular tachycardia to be induced during 
operation. Anesthesia was most often light 
halothane, and the use of potential antiar- 
rhythmic drugs, including endotracheal lido- 
caine for intubation, was avoided. The pa- 
tients were heparinized and cannulated but 
were placed on cardiopulmonary bypass only 
when severe hypotension complicated the in- 
duction of ventricular tachycardia. Normother- 
mia was maintained until epicardial and en- 
docardial mapping were completed. Surface 
electrocardiogram leads I, aVy, and Vr were 
displayed on an oscilloscope and recorded on 
a rapid writing recorder. A bipolar reference 
electrode was placed on the anterior surface of 
the right ventricle, along with an epicardial 
pacing wire, and programmed stimulation 
techniques were employed to initiate ventricu- 
lar tachycardia. If induction of tachycardia was 
difficult, low-dose isoproterenol was occasion- 
ally a helpful adjunct, as was ventricular disten- 
tion. Procainamide hydrochloride was useful 
in many instances to lower the ventricular 
tachycardia rate and to prevent degeneration to 
ventricular fibrillation. Epicardial mapping by 
means of a bipolar fingertip ring electrode was 
then carried out, with special attention to the 
border zones of the aneurysm and to both sides 
of the interventricular septum, anteriorly and 
posteriorly. If multiple ventricular tachycardia 
morphologies had been documented spontane- 
ously or in response to electrophysiological 
study, attempts were made to reproduce them 
at operation. Following completion of the 
epicardial map and assessment of the earliest 
point of epicardial breakthrough in any given 
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ventricular tachycardia, the ventricle was 
opened through the aneurysm, if present, or 
through a scarred area. Endocardial mapping 
was carried out using a new multiple-pole probe 
consisting of six bipolar electrodes mounted in 
an acrylic rod; this technique allowed the map 
to be completed in 3 to 5 minutes [14]. At least 
72 points and often as many as 108 points on the 
endocardial surface were mapped in each pa- 
tient. After completion of the endocardial map 
in one or more ventricular tachycardia mor- 
phologies, definitive operation was begun as 
soon as the recordings were analyzed for areas 
of early endocardial activation, with local elec- 
trical activity either preceding or occurring at 
the same time as the onset of the surface ORS. 


Operative Treatment 

Table 1 lists the types of operations performed. 
Cold blood cardioplegia was administered 
through the aortic root, and the perfusion tem- 
perature lowered to 25°C. Aneurysmectomy was 
then performed, down to or near fresh myo- 
cardium. Endocardial resection included all 
visible areas of endocardial scarring, taking 
into account the results of epicardial and en- 
docardial mapping. In many instances, areas of 
scarring remote from the usual septal involve- 
ment were noted and removed. The patterns of 
EER in ventricular tachycardia and ventricular 
fibrillation patients are illustrated in Figures 1 
and 2, respectively. These patterns included 
endocardium from the base and body of the 
papillary muscles on occasion and, where fur- 
ther resection was considered hazardous, inci- 
sion, or cross-hatching of the endocardium, or 
both were done. Excision of extensively scarred 
papillary muscles, resulting in the need for mi- 
tral valve replacement (MVR), was necessary in 
5 patients. Following mapping or visually di- 
rected EER, or both, the ventricle was closed 
unless MVR was to be done through an an- 
eurysmectomy incision in the inferior wall. 
With maintenance hypothermia of 25°C and 
multiple-dose cold blood cardioplegia for myo- 
cardial preservation, from one to four grafts 
were performed. Thirty-three of 38 patients re- 
ceived vein grafts: 1 patient had a single graft, 
17 patients had double grafts, 7 had triple 
grafts, and 2, quadruple grafts, for a mean of 1.8 


Table 1. Operations Performed in 40 Patients 
with Ventricular Tachycardia 
and Ventricuiar Fibrillation 


No. of 

Operations Patients 
Aneurysmectomy + EER + CABG 21 
EER + CABG 6 
Aneurysmectomy + EER 4 
Aneurysmectomy + EER + CABG 3 

+ MVR 
EER only 2 
Aneurysmectomy + EER + AVR 1 
Aneurysmectomy + EER + CABG 1 

+ MVR + carotid endartarectomy 
Excision of papillary muscles 1 

+ MVR (sarcoid) 
Excision of right ventricular outflow 1 

tract scar 

Total 40 


EER = extended endocardial resection; CABG = coronary 
artery bypass grafting; AVR = aortic valve replacement; 
MVR = mitral valve replacement. 


grafts per patient. Six patients required intra- 
aortic balloon counterpulsation. 

The areas of endocardial resection are listed 
in Table 2. The majority of patients had septal 
and free wall scar tissue removed, largely by 
virtue of circumferential extension of the en- 
docardial scar from the aneurysm, but note- 
worthy subgroups had exclusive septal or free 
wall involvement. It can be seen in Figures 1 
and 2 that the patterns of scar resection were 
similar in ventricular tachycardia and ven- 
tricular fibrillation patients. Four of the 5 pa- 
tients requiring MVR had extensive inferior 
wall infarction involving one or both papillary 
muscle groups and causing severe mitral re- 
gurgitation; replacement was carried out 
through the ventriculotomy. The patient with 
sarcoidosis of the papillary muscles also had 
mucinous degeneration of the mitral valve, 
thus requiring valve replacement for two rea- 








Fig 1. Sagittal sections of left ventricle depicting the 
patterns of involvement with endocardial scar tissue re- 
quiring resection in patients with ventricular tachycar- 
dia. Note the high incidence of septal scarring and the 
random distribution of other areas involved. Shaded re- 
gions represent extent of scar removed at operation. 
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Table 2. Areas of Endocardium Resected 


No. of 


Extent of Resection Patients 


Single area 14 

Two or more areas 26 
Septum and lateral free wall 13 
Septum only 11 
Septum and inferior free wall 5 
Inferior free wall only 4 
Septum, free wall, and papillary 3 

muscle 


Septum, apex, and lateral free wall 2 
Papillary muscle only 1 


Right ventricular outflow 1 
tract only 


Total 40 


sons. In seven instances of EER for septal scar- 
ring, the area of resection was bolstered with a 
Teflon felt patch, primarily to diminish septal 
paradox but also to treat and prevent septal per- 
foration. Routine postoperative anticoagulation 
was not administered in these patients. 


Postoperative Evaluation 

The 36 surviving patients remained under 
continuous electrocardiographic monitoring 
for 7 to 10 days postoperatively. The majority 
received some antiarrhythmic therapy, usually 
lidocaine or procainamide hydrochloride dur- 
ing the first 72 hours for mild or occasionally 
severe ventricular ectopy. Thirty-three patients 
underwent repeat electrophysiological studies 
from 10 to 15 days after operation. Twenty- 
four-hour Holter monitoring and radionuclide 
gated blood pool ventriculography were done 
prior to discharge from the hospital. 


Results 

Preoperative Electrophysiological Study 

In all patients, ventricular tachycardia was ini- 
tiated by programmed stimulation techniques. 
In the 17 patients surviving out-of-hospital 
ventricular fibrillation, rapid ventricular tachy- 
cardia with severe hemodynamic compromise 
was initiated at control electrophysiolog- 
ical study. Recurrent ventricular tachycardia 
patients, on the other hand, tended to develop 
a more stable tachycardia at slower rates. 


Extensive pharmacological testing was carried 
out in 30 patients, in search of drug regimens 
effective in preventing induction of ventric- 
ular tachycardia. No satisfactory drug was 
found; the drugs evaluated either did not con- 
trol the arrhythmia or produced toxic side 
effects. In the remaining 10 patients, the indi- 
cations for operation, other than arrhythmia, 
were sufficiently forceful (advanced three- 
vessel disease, left ventricular failure, or severe 
mitral regurgitation) that a prolonged search for 
drug control was not believed to be in the pa- 
tient’s best interest. 


Intraoperative Mapping 

Intraoperative mapping was attempted in 36 of 
the 40 patients. Early single or multiple points 
of activation during ventricular tachycardia 
were identified in 25 patients on both the 
epicardial and endocardial surfaces. After the 
aneurysm or scar was opened, tachycardia 
could no longer be induced in 5 patients, 
suggesting that reentrant pathways had been 
interrupted simply by making the incision. In 6 
patients, mapping was unsuccessful; in 4, ven- 
tricular tachycardia degenerated repeatedly to 
ventricular fibrillation despite the use of pro- 
cainamide, and in the other 2, ventricular 
tachycardia could not be induced. Mapping 
was not attempted in the remaining 4 patients 
because of time constraints and the magnitude 
of the planned operation. For these reasons, 
completely visually directed resection of all en- 
docardial scar tissue became necessary in 15 
patients. 

Epicardial mapping most often revealed a 
breakthrough of the ventricular tachycardia 
morphology on either the right side or left side 
of the septum, usually anteriorly if the infarc- 
tion was anterior and inferiorly if the infarction 
was inferior. The earliest point of surface acti- 
vation was over the posteromedial muscle in 
the patient with sarcoidosis of the papillary 
muscles; the earliest activation in the remaining 





Fig 2. Note the similarity of septal scarring and random 
distribution of scar tissue in patients with ventricular 
fibrillation, compared with those having ventricular 
tachycardia (see Fig 1). 
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Fig 3. Electrocardiograms showing surface leads aVp 
and Var, along with six simultaneous endocardial re- 
cordings made during ventricular tachycardia. The ver- 
tical line represents the onset of the surface QRS. Cir- 
cumferential clock coordinates are used for localization, 
and A through F indicate the depth of concentric circles 
from the edge of the incision; thus, A is 1 cm, and F, 6 
cm from the edge. With the probe in the 8 o'clock posi- 
tion, endocardial activation preceding the onset of the 
surface QRS is apparent at 8A, 8B, and 8F, while acti- 
vation at 8C, 8D, and 8E follows the surface QRS. 
These findings suggest inhomogeneity and eccentric 
conduction patterns within or adjacent to the visible en- 
docardial scar. The sagittal section of the left ventricle 
(lower left) shows the areas of endocardial resection. 
The other diagram (lower right) depicts the inferior 
wall of the heart and the location of the incision, with 
the clock coordinates. 


patient was localized to an area of right ven- 
tricular outflow tract scar. 

Endocardially, the septum was commonly 
documented as the earliest site of activation— 
nearly always at the margin of dense white scar 
with normal-appearing septal endocardium. 
Continuous electrical activity was often re- 
corded from the septal scar, possibly reflecting 
slow conduction in the reentrant pathway. In 6 
patients, early electrical activity localized the 
origin of ventricular tachycardia to the free wall 


of the left ventricle. In 3 patients, successful 
endocardial mapping of multiple ventricular 
tachycardia morphologies revealed widely dis- 
parate sites of earliest recorded activation. Fig- 
ure 3 illustrates the type of endocardial elec- 
trographic tracings produced by our new 
multiple-pole probe. Such multiple simultane- 
ous tracings reveal the precise activation se- 
quence, with certain points preceding and 
others following the onset of the surface QRS 
pattern. Figure 4 shows the different activation 
sequences of two distinct ventricular tachycar- 
dia morphologies. Identical electrode place- 
ment in the two morphologies reveals markedly 
different activation sequences. 


Operative Treatment 

Two of the 4 deaths in this series were due to 
intractable hemorrhage incident to reoperation, 
both patients having had aneurysmectomy sev- 
eral years before. One patient died in the 
operating room, and the other, 72 hours post- 
operatively. Another death was caused by acute 
hypotension due to hemorrhage in the im- 
mediate postoperative period in a patient who 
had had mapping, aneurysmectomy, endocar- 
dial resection with a Teflon patch to the sep- 
tum, MVR, and double aortocoronary bypass 
grafts. Finally, 1 patient whose preoperative 
ejection fraction was 14% died of intractable left 
ventricular failure caused by inappropriate 
fluid and inctropic management 8 hours post- 
operatively. In no death was recurrent ar- 
rhythmia a factor. There have been no deaths in 
the last 16 consecutive patients, but there have 
been 2 major postoperative complications. One 
patient who had a large calcified aneurysm 
suffered intraoperative stroke causing right 
hemiparesis and aphasia, while another de- 
veloped a harsh systolic precordial murmur 
within 6 weeks of operation. Cardiac catheter- 
ization demonstrated a small VSD with an un- 
detectable shunt. Both vein grafts were pat- 
ent, and new, severe mitral regurgitation was 
documented. 

The results of operation in ventricular 
tachycardia and fibrillation patients are shown 
in Table 3, and a comparison of results in pa- 
tients in whom EER was visually directed ver- 
sus those in whom guidance from mapping was 
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Fig 4, Endocardial mapping of two distinct mor- 
phologies of ventricular tachycardia. Lead I, aVp, and 
Var of the surface electrocardiogram are presented, 
along with a right ventricular intramyocardial reference 
electrogram (20) and three simultaneous endocardial 
electrograms from the 12 o’clock position, at 4, 5, and 
6 cm from the margin of the incision. The six tracings 
were selected from a total of 72 endocardial points 
mapped in this patient. Two stable ventricular tachy- 
cardia morphologies are shown (VT 1, VT 2). In VT 1, 
all electrogram signals follow the onset of the surface 
ORS, while in VT 2, with identical placement of the 
multiple-pole probe, activation from 12E and 12F pre- 
cedes the onset of the surface QRS. This clearly shows 
that different ventricular tachycardia morphologies may 
not originate in the same endocardial region. (See Fig 3 
for explanation of other diagrams.) 


utilized is given in Table 4. The operative re- 
sults suggest that ventricular fibrillation pa- 
tients are at higher risk, with an operative 
mortality of 17.6% compared with the 4.3% rate 
in the ventricular tachycardia group; however, 
the difference is not statistically significant (see 
Table 3). Similarly, there appears to be a trend 
suggesting improved results for mapping com- 
pared with those for visually directed resection 
but, again, this difference is not statistically 
significant (see Table 4). 


NEN) 1 
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Postoperative Studies 

Prior to hospital discharge, electrophysiological 
studies were repeated in 33 of the 36 surviving 
patients. In only 3 of these patients could ven- 
tricular tachycardia be initiated, despite use of 
the same rigorous stimulation protocol, with 
endocardial electrodes attached at multiple 
sites, that was employed during the preopera- 
tive studies. One patient who had had five 


‘separate ventricular tachycardia morphologies 


preoperatively had only one that was inducible 
after operation. In another, one of two mor- 
phologies was obliterated. In a third, ventricu- 
lar fibrillation was converted by operation to a 
stable, induced ventricular tachycardia that was 
drug responsive. The other 2 patients’ induced 
tachycardia also became drug responsive. En- 
docardial mapping was of assistance in only 1 
of these patients at operation. 

Prior to discharge from the hospital, all pa- 
tients had 24-hour Holter monitoring, which 
showed variable degrees of ventricular ectopy, 
from unifocal premature ventricular contrac- 
tions to short runs of ventricular tachycardia. It 
was our policy not to treat these arrhythmias, 
on the assumption that previously malignant 
arrhythmias had been rendered benign by 
operation. Several patients had late Holter 
studies, which invariably showed marked di- 
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Table 3. Results of Extended Endocardial Resection in Patients 
with Ventricular Tachycardia and Ventricular Fibrillation 





Operative Postoperative 
Mortality Inducibility” 
No. of No. with 
No. of Operative No. of Inducible 
Condition Patients Deaths? Patients Tachycardia® 
Ventricular tachycardia 23 1 (4.3) 20 2 (10) 
Ventricular fibrillation 17 3 (17.6)° 13 1 (7.6)4 
Total 40 4 (10.0) 33 3 (9.1) 


aNumbers in parentheses are percentages of the total for that subgroup. 
‘Determined by electrophysiological studies. 

Significance: p = 0.4 (by chi-square analysis). 

“Significance: p = 0.7 (by chi-square analysis). 


Table 4. Results of Visually Directed and Map-Assisted Extended Endocardial Resection 


Postoperative Postoperative 
Inducibility* Medication Required 
No. with No. 
No. of Inducible No. of Requiring 
Operation Patients Tachycardia® Patients Medication? 
Visually directed EER 14 2 (14.2) 16 2 (12.5) 
Map-assisted EER 19 1 (5.3)¢ 20 od 
Total 33 3 (9.1) 36 2 (5.6) 


‘Determined by electrophysiological studies. 


"Numbers in parentheses are percentages of the total for that subgroup. 


Significance: p = 0.4 (by chi-square analysis). 
“Significance: p = 0.7 (by chi-square analysis). 


EER = extended endocardial resection. 


minution in ectopy. Gated blood pool ven- 
triculography was performed prior to discharge 
in 19 patients, in whom it had also been done 
before operation. In 2 patients, the measure- 
ment obtained was lower than the preoperative 
value; in 6, it was unchanged; and in 11, it was 
notably improved. 


Follow-up 

The follow-up in this series extends from 3 to 36 
months (mean, 12.5 months), with 19 patients 
followed for more than one year (Fig 5). There 
have been no late deaths. All but 2 patients 
have stopped taking antiarrhythmic medica- 
tions, and all but 3 are in NYHA Functional 


Class I or II. One patient, who had had inces- 
sant ventricular tachycardia requiring numer- 
ous cardioversions, had been turned down for 
operation at another medical center. After un- 
dergoing mapping, resection of aneurysm, 
MVR, CABG, and concomitant carotid endar- 
terectomy 15 months ago, this patient is now in 
Class II but requires mexilitine therapy and 
radiofrequency pacing on occasion to control 
recurrent ventricular tachycardia. One induc- 
ible patient on antiarrhythmic medication, an- 
other patient with postoperative VSD, and 1 
patient in chronic left ventricular failure, with 
an ejection fraction of 13%, are considered to be 
in NYHA Class MI. 
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Fig 5, Survival following extended endocardial resec- 
tion. The mean survival of 36 patients is 12.5 months; 
16 patients have been followed for a year or more. 
(VT = ventricular tachycardia; VF = ventricular fi- 
brillation; EPS = electrophysiological study). 


Comment 

Until recently, attempted surgical control of re- 
current ventricular arrhythmia has been an 
exercise in frustration, with unpredictable re- 
sults; still, surgery is better than medical ther- 
apy alone, which has a forbidding mortality 
[15]. Historically, the modestly successful tho- 
racic sympathectomy procedure [16] was fol- 
lowed by the more direct approach of left ven- 
tricular aneurysmectomy [17-20], but it was 
abundantly clear that the results of aneurys- 
mectomy were unpredictable at best. We re- 
ported a 60% rate of early and late sudden death 
subsequent to blind or undirected aneurysmec- 
tomy when performed primarily for arrhythmia 
control [3], and Harken and associates, in a 
comparison of map-directed aneurysmectomy 
and endocardial resection versus undirected 
aneurysmectomy, reported a 56% early and late 
mortality rate for arrhythmia in their undi- 
rected series, as well as a high incidence of re- 
current arrhythmia in survivors [6]. Neither the 
addition of CABG nor the use of intraaortic 
balloon counterpulsation has been shown to 
offer any consistently beneficial effect in con- 
trolling postinfarction ventricular tachycardia 
[3, 19, 20]. 


The basis for the current surgical approach to 
ventricular arrhythmia is an appreciation of 
the reentry phenomenon [7, 8], as well as the 
development of techniques of programmed 
electrical stimulation to induce ventricular 
tachycardia, thus allowing detection of activa- 
tion sequences, or mapping [9]. In 1975, Wittig 
and Boineau described excision of. myocardial 
scar based on epicardial and endocardial map- 
ping at operation [1]. Subsequently, we re- 
ported a small series directed by epicardial 
mapping, with a success rate of 80% [3]. 
Guiraudon and colleagues have developed the 
concept of encircling endocardial ventric- 
ulotomy, a means of incising myocardium cir- 
cumferentially above aneurysmal scar tissue, 
without guidance by mapping [21]. Using this 
approach, they report control of arrhythmias in 
24 of 28 patients, and a 14% mortality rate [22]. 
Others, however, have not been able to dupli- 
cate these results and, in fact, have abandoned 
the operation because of its high mortality and 
failure to control arrhythmia [23, 24]. Unger- 
leider and co-workers have documented in an 
experimental dog model myocardial damage 
and loss of diastolic compliance due to ischemia 
in the areas of the left ventricle encompassed by 
endocardial incisions [25]. Encircling endocar- 
dial ventriculotomy may perhaps be applicable 
when aneurysm and endocardial scarring are 
limited to the ventricular apex, in which case 
such an incision would do minimal damage. 
However, it is clearly not a feasible operation in 
patients of the type we see, the great majority of 
whom have high septal and free wall scar tissue 
that often abuts the mitral and aortic valvular 
annuli. 

Using information from animal studies to re- 
veal the limitations of epicardial mapping for 
detecting the source of activation of ventricular 
tachycardia [26], Harken and co-workers [4] 
initiated a program of endocardial resection, 
guided by preoperative endocardial catheter 
mapping and confirmed by intraoperative en- 
docardial mapping with the patient on car- 
diopulmonary bypass. They have tended to 
limit the endocardial resection to a single area 
indicated by their mapping data as the earliest 
point of activation during ventricular tachycar- 
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dia. Their reported results are good with regard 
to control of ventricular tachycardia; 80% of 
patients no longer have inducible tachycardia 
postoperatively, and are not taking medication. 
The operative mortality for this series is 8%, 
with a late mortality of 10% [27]. Our experi- 
ence has confirmed these results; arrhythmia 
has been controlled in all survivors, with 3 of 
31 patients inducible at postoperative elec- 
trophysiological study, and only 2 of 36 patients 
requiring antiarrhythmic therapy. Our opera- 
tive mortality was 10%, and there have been no 
late deaths. Our experience differs, however, 
from that of Harken and colleagues in three im- 
portant respects: (1) victims of sudden death 
with documented out-of-hospital ventricular 
fibrillation were included; (2) preoperative 
electrophysiological studies did not include 
left ventricular endocardial mapping; and (3) 
emphasis at operation was placed on removal of 
all visible endocardial scar tissue, with less re- 
liance on the findings of intraoperative en- 
docardial mapping. 

The literature to date has not described the 
surgical treatment of survivors of sudden death 
due to documented ventricular fibrillation; the 
emphasis has been exclusively on the treatment 
of patients with recurrent sustained ventricular 
tachycardia. Although some believe that the 
distinction between ventricular tachycardia and 
fibrillation is a matter of the tachycardia rate 
alone, with patients having higher rates de- 
generating to ventricular fibrillation, we con- 
sider it an undeniable fact that the fibrillation 
group constitutes a distinct clinical entity in 
which the effectiveness of surgical therapy has 
not been demonstrated previously. Recurrent 
ventricular tachycardia patients tolerate their 
arrhythmia well enough; a typical course in- 
cludes repeated emergency room and hospital 
admissions for electrical conversion and the 
search for drug control. Patients in the fibrilla- 


tion group, on the other hand, have all experi- 


enced sudden death, have been cardioverted 
and, eventually, have had to undergo elec- 
trophysiological study and operation. Their 
electrophysiological studies reveal a higher rate 
of tachycardia with frequent degeneration to fi- 
brillation requiring countershock, while patients 


with ventricular tachycardia are hemodynami- 
cally stable, do not degenerate to fibrillation, 
and can usually be paced out of tachycardia. In 
addition, patients in the fibrillation group have 
no clinical ventricular tachycardia morphology, 
and their electrophysiological properties (mul- 
tiple inducible morphologies and degeneration 
to fibrillation) make effective intraoperative 
mapping very difficult. Our experience with 
17 ventricular fibrillation patients has revealed 
no statistically significant difference from the 
larger ventricular tachycardia group in any 
measurable hemodynamic or morphological 
variables, including coronary anatomy and 
patterns of endocardial scarring. 

The routine application of preoperative en- 
docardial catheter mapping of induced ven- 
tricular tachycardia does not provide sufficient 
information to justify the added risk, time, and 
effort associated with its use. The area of ear- 
liest activation, in our experience, has nearly 
always been associated with ventricular wall 
motion abnormalities, which are almost always 
apparent at left ventriculography. Since we 
are convinced that the sources of the ar- 
rhythmia reside in the border zone of the visi- 
ble endocardial scar, we believe that preopera- 
tive left ventricular mapping would exert little 
influence on the conduct of operation. 

From the beginning of our experience with 
EER, we have relied on visually directed resec- 
tion, but we have also taken into account the 
findings from endocardial mapping, for three 
reasons: 


1. Half the patients in this series had more than 
one ventricular tachycardia morphology 
documented clinically or at preoperative 
electrophysiological study. 

2. We have data from 3 patients documenting the 
activation sequence and origins of different 
ventricular tachycardia morphologies from 
geographically separate areas of the en- 
docardial scar. This is somewhat at variance 
with the opinion of Josephson and as- 
sociates, who concluded from endocardial 
catheter mapping data that: differing ven- 
tricular tachycardia morphologies were the 
result of differing exit pathways from a 
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single site of origin [10]. More recently, 
however, these investigators have also pre- 
sented preliminary data that show that the 
sites of earliest activation in different mor- 
phologies may indeed be distinct and widely 
separated [27]. 

3. Since ventricular tachycardia or fibrillation 
may occur at any time following infarction 
(up to 26 years in this series), we believe that 
the incidence of recurrent arrhythmia will be 
diminished if all scar tissue is removed from 
the endocardium. We also think that the low 
incidence of postoperative inducibility, as 
well as the reduced postoperative require- 
ment for antiarrhythmic drugs, is at least 
partially due to our philosophy of extending 
endocardial resection to include all visible 
scar tissue. 


Although the precise details of the elec- 
trophysiological importance of endocardial 
scarring, especially at the border zone, remain 
open to speculation, there is general agreement 
that continuous low-amplitude electrical activ- 
ity represents slow conduction, one of the fea- 
tures required for reentry. The areas of border 
zone denoted as earliest activation represent the 
first measurable exit impulses from the scar, 
and are also low-amplitude and slurred, as we 
have illustrated in points 8A, B, and F of Figure 
3, and in points 12E and F of VT 2 in Figure 4. 
Factors such as the heterogeneity of the infarc- 
tion, the size of islands of relatively normal 
myocardium surrounded by scar tissue, and the 
thickness of the endocardial component of the 
scar are obviously of importance, but these 
cannot be precisely determined at present. It is 
highly likely that failure to prevent postopera- 
tive inducibility in our series was caused by 
sites of origin deep within the myocardium that 
have not been removed. 

Our understanding of the pathophysiology 
and clinical behavior of these rhythm distur- 
bances has been greatly enhanced by an inte- 
grated team approach, with equal contributions 
by the cardiologist, surgeon, anesthesiologist, 
and physiologist. Although visually dirécted 
endocardial resection appears to be effective for 
arrhythmia control, we strongly believe that 


cardiac units dealing with these patients should 
develop or maintain a sharp focus on intraoper- 
ative endocardial mapping as part of an inte- 
grated program. Intraoperative mapping data 
may strongly and.sometimes dramatically in- 
fluence the entire surgical approach, including 
the location of the cardiotomy. Exact identifica- 
tion of the site or sites of earliest activation on 
the endocardial surface, often in unexpected 
areas, encourages a more thorough and deeper 
resection of scar tissue in those locations. In 
addition, the continued use of mapping stimu- 
lates the development of a methodology that 
will make the procedure more convenient, pre- 
cise, and rapid. We believe that all these factors 
have contributed, and will further contribute, 
to improvement in operative results. 

From our experience with these 40 patients, 
we conclude that visually directed EER, with 
the assistance of intraoperative mapping, pro- 
vides effective therapy for patients who have 
survived out-of-hospital ventricular fibrilla- 
tion, as well as for those with medically resis- 
tant ventricular tachycardia. 


Addendum 

Since this paper was submitted, 15 additional pa- 
tients have undergone operation. There have been 2 
deaths: 1 due to unexplained intrapulmonary hemor- 
thage, the other to pump failure. Ten patients had 
ventricular tachycardia, and 5 had ventricular fibril- 
lation; both deaths were in the fibrillation group. 
Thus, the overall mortality for this series stands at 
10.9%—3% in the ventricular tachycardia patients 
(1/33) and 23% in the ventricular fibrillation patients 
(5/22). However, this difference is still not statisti- 
cally significant (p < 0.2). There have been 2 late 
deaths. One was due to pulmonary emboli 6 weeks 
after operation, while the other occurred at 2 years in 
the recurrent ventricular tachycardia patient with the 
radiofrequency pacemaker. 
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Discussion 

DR. JAMES L. COX (Durham, NC): It is a pleasure to be 
invited to discuss this timely and important paper. 
Dr. Moran and his colleagues are to be commended 
on their excellent results in a difficult group of pa- 
tients. 


In analyzing the patient population in this study, 


one notes that all 17 patients who survived out-of- 


_ hospital episodes of “sudden death” were capable of 


having ventricular tachycardia induced during the 
preoperative electrophysiological study, although 
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the tachycardia degenerated into ventricular fibrilla- 
tion. This would suggest that the primary arrhythmia 
in these patients was ventricular tachycardia and not 
ventricular fibrillation, and that there is probably no 
physiological difference between the ventricular 
tachycardia and the ventricular fibrillation patients 
in this study. 

Twenty-eight percent of the patients described by 
Dr. Moran and his colleagues had inferior left ven- 
tricular wall abnormalities. In my experience, en- 
docardial fibrosis involves the posterior papillary 
muscle in virtually all of these patients. Although the 
ventricular tachycardia usually originates in the high 
posterior septum, it frequently originates in the 
posterior papillary muscle itself. Endocardial resec- 
tion, whether localized or extended, in my opinion, 
is not the procedure of choice in such patients, be- 
cause resection may cause irreparable injury to the 
mitral valve apparatus, as evidenced by the 5 pa- 
tients in the present series who required MVR. 

The endocardial fibrosis in these patients invari- 
ably extends to the level of the aortic and mitral valve 
annuli. If the ventricular tachycardia arises from 
the high posterior intraventricular septum, as is the 
usual case, we perform either an endocardial resec- 
tion localized to that area or an endocardial cryobla- 
tive procedure. If it arises from the posterior pap- 
illary muscle, we usually freeze the base of the 
papillary muscle. If we cannot localize the site of 
origin of the ventricular tachycardia in these poste- 
rior infarcts, we perform an encircling endocardial 
ventriculotomy around the base of the papillary 
muscle to within 1 cm of each valve annulus, and 
then apply an endocardial cryolesion at either end of 
the incision to complete the encirclement of the ar- 
rhythmogenic myocardium. Thus far, we have ex- 
perienced no postoperative valve dysfunction using 
these techniques; none of our 25 patients has re- 
quired valve replacement, and we have had no re- 
currences. 

Finally, although all the patients in the series de- 
scribed by Dr. Moran and associates underwent ex- 
tensive electrophysiological studies preoperatively, 
intraoperatively, and postoperatively, the suggestion 
is made in the abstract that electrophysiological 
mapping is not essential for successful surgical 
treatment of refractive ischemic ventricular tachycar- 
dia. We certainly agree that in the vast majority of 
patients, ventricular tachycardia can be successfully 
ablated surgically without the use of electro- 
physiological mapping to guide the surgeon. If 
such an approach is taken, however, the surgical 
treatment of these complex arrhythmias becomes a 
completely service oriented exercise. Although the 
delivery of such a service is of undeniable impor- 
tance, the potential for learning more about these 
complex and lethal arrhythmias is lost unless each 
patient is studied as comprehensively as possible. 
During the four years since Guiraudon’s initial de- 


scription of the direct endocardial approach to such 
problems, fewer than 200 patients worldwide have 
been treated by one of these techniques. If we are 
ever going to be able to propose an intelligent ap- 
proach to the numerically overwhelming problem of 
sudden death from cardiac causes, it is mandatory 
that we subject every patient with the unique clinical 
problem of refractory ventricular tachyarrhythmia to 
extensive electrophysiological study. We must re- 
member that the only true model of refractory ven- 
tricular tachycardia is the human being. The im- 
mediate benefits of our present state of knowledge 
may be offered with gratifying results to a few pa- 
tients. However, unless these operations are per- 
formed in institutions where appropriate elec- 
trophvsiological studies can be conducted, we may 
be doing an immense disservice to a much larger 
group of future patients. Therefore, Dr. Moran and 
his colleagues are to be especially commended for 
performing electrophysiological studies in these pa- 
tients before, during, and after operation. 


DR. ALFONSO CHIscANO (San Antonio, TX): How 
many of your patients, Dr. Moran, have been in need 
of permanent pacemakers? Have you placed the leads 
at the artery, at the ventricle, or where? 


DR. GERARD GUIRAUDON (London, Ontario, Canada): 
First, I wish to congratulate Dr. Moran and his col- 
leagues on their beautiful work. I agree with the 
rationale they have presented: At operation, the en- 
docardial fibrosis is the best anatomical landmark for 
locating the border zone. We have to deal with the 
border zone, which is the site of origin of tachy- 
cardias. It is mandatory to extensively map the heart 
at operation, when possible, to improve our under- 
standing of the pathophysiology of the lesions and, 
consequently, to improve our surgical rationale. 
Surgery can interrupt, exclude, undermine, or resect; 
therefore, the question is not what to do, but where 
to do it. 

The papillary muscle was long considered a “no- 
surgeon’s land.” I agree with Dr. Cox that an isch- 
emic and fibrotic papillary muscle can be excluded 
by an encircling endocardial ventriculotomy without 
putting the mitral valve function at risk. 

Operation for ventricular tachycardia deals with 
evolutive lesions. The long-term prognosis must take 
that condition into account. We started using that 
operation years ago. We have observed late relapses 
of ventricular tachycardia after a long interval in pa- 
tients who were free of ventricular tachycardia and 
not taking antiarrhythmic drugs. These late relapses 
are most probably due to evolutionary lesions. 


DR. JAMES C. BONVALLET (Spokane, WA): Was either 
rapid-burst pacing or ramp pacing tried in any of 
these patients as a means of terminating their 
tachycardia? 
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DR. MORAN: I appreciate the comments by Dr. Cox. 
Although the differences between ventricular 
tachycardia and ventricular fibrillation patients may 
appear to be a matter of rate alone, the patients with 
rapid ventricular tachycardia degenerating to ven- 
tricular fibrillation constitute a clinically distinct 
group. Whereas the ventricular tachycardia group 
tends to have slower rates and a history of emergency 
room visits with repeated cardioversions, the ven- 
tricular fibrillation group is subject to “sudden 
death” and has experienced resuscitation; also, at 
electrophysiological testing, as well as at surgical 
mapping attempts, their rapid ventricular tachycardia 
tends to degenerate to ventricular fibrillation. Al- 
though this cannot yet be proven statistically, they 
are sicker patients, with poorer ventricular function 
than the tachycardia group. 

All patients in this subgroup had preexisting se- 
vere mitral regurgitation due to involvement of one 
or both papillary muscles in the infarction process, so 
MVR was required on hemodynamic grounds as well 
as electrophysiological grounds. In 1 patient in whom 
a scarred papillary muscle that provided passive mi- 
tral competence was spared, ventricular tachycardia was 
inducible postoperatively; this suggested to us that 


perhaps we should have resected the papillary muscle.. 

All patients in this series had permanent left ven- 
tricular epicardial leads attached, but we have 
utilized them subsequently in only 2 patients. Sev- 
eral had permanent atrial leads left behind that have 
not yet been used for sequential pacing. Rapid-burst 
pacing is used in all patients as part of the elec- 
trophysiological study protocol. One of the charac- 
teristics of reentrant ventricular tachycardia is in- 
ducibility by programmed rapid stimulation, as well 
as its termination. My colleagues and I agree with Dr. 
Cox’s comments about the need for systematic study 
and mapping of these patients intraoperatively, as 
shown in our paper. I believe that we are still on a 
very steep portion of the learning curve about this 
disease. The need for continuing study to dispel our 
current lack of knowledge is especially well ex- 
pressed by Mason and associates in an editorial in 
the American Heart Journal, the title and the content 
of which deplore our wide complex ignorance in this 
area (Mason JW, Stinson EB, Winkle RA, Oyer PE: 
Mechanisms of ventricular tachycardia: wide, com- 
plex ignorance. Am Heart J 102:1083, 1981). 

I wish to thank Dr. Guiraudon, who is well known 
for his contributions to this field, for his comments. 
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ABSTRACT A prospective double-blind study was 
undertaken to compare computed tomography (CT) 
and conventional radiographic tomography (RT) in 
the staging of lung carcinoma. Seventy-five patients 
had CT and RT of the mediastinum and hilum prior 
to operation. The presence or absence of metastasis 
to lymph nodes documented at the time of operation 
was the standard applied to the studies. CT correctly 
predicted the presence or absence of mediastinal 
lymphadenopathy in most cases (sensitivity 91%, 
specificity 94%), while RT was less helpful (sen- 
sitivity 61%, specificity 86%). Metastatic mediasti- 
nal lymph nodes in those patients with false nega- 
tive CT and RT studies averaged only 0.8 cm in 
diameter, probably accounting for the negative 
radiographic findings. Both CT and RT had poor 
predictive values in detecting hilar lymph- 
adenopathy (sensitivity 73% and 47%, specificity 
87% and 72%, respectively). 

The predictive value of CT in the evaluation of 
that of 
mediastinoscopy or mediastinotomy. When CT of 
the mediastinum demonstrates no lymphadenop- 


mediastinal lymphadenopathy equaled 


athy, invasive staging can be deferred for definitive 
thoracotomy. Since false positive values were seen 
with both CT and RT scans of the mediastinum 
(4% and 8%, respectively), invasive staging will 
still be necessary in those patients with positive 
studies. 


Ideally, surgical intervention for lung car- 
cinoma should result in the removal of all 
neoplastic tissue. Before the widespread adop- 
tion of surgical staging, many needless 


From the Department of Surgery, Division of Cardiac and 
Thoracic Surgery, Department of Radiology, and Division 
of Pulmonary Medicine, Henry Ford Hospital, Detroit, MI. 


Presented at the Eighteenth Annual Meeting of The Society 
of Thoracic Surgeons, Jan 11-13, 1982, New Orleans, LA. 


Address reprint requests to Dr. Lewis, Division of Cardiac 
and Thoracic Surgery, Henry Ford Hospital, 2799 W Grand 
Blvd, Detroit, MI 48202. 


thoracotomies were performed in which exten- 
sive, unresectable lesions were found. High 
morbidity and mortality were the prices paid 
for this type of exploratory operation [1]. With 
the application of mediastinoscopy and me- 
diastinotomy, needless thoracotomies were 
reduced from approximately 40% to an average 
of 10% or less [2, 3]. This study was undertaken 
to evaluate the effectiveness of computed to- 
mography (CT) and radiographic tomography 
(RT) in staging a series of patients who under- 
went a variety of surgical procedures for the 
management of primary lung carcinoma. 


Materials and Methods 

Seventy-five patients with known or suspected 
primary lung carcinoma were entered into a 
prospective double-blind study to compare the 
effectiveness of CT and RT in staging their le- 
sions. The mean age of this group was 61 years 
(range, 40 to 82 years). Whites accounted for 
63% of the patients, and the male to female 
ratio was 2:1. The diagnosis of lung carcinoma 
ultimately was confirmed in all subjects. The 
mean size of carcinoma was 3.8 cm (with 
standard deviation of 2.2 cm). The following 
cell types were noted: adenocarcinoma, 32 
(43%); squamous, 23 (31%); adenosquamous, 3 
(4%); bronchoalveolar, 2 (3%); carcinoid, 1 
(1%); and undifferentiated, 14 (18%). The un- 
differentiated tumors included 6 small cell, 4 
large cell, and 4 indeterminate. The follow- 
ing surgical procedures were performed: 
thoracotomy alone—4, wedge resection with 
lymph node biopsy—7, mediastinotomy— 19 (6 
combined with resection), lobectomy—36, and 
pneumonectomy—9. 

Preoperative CT scans with overlapping cuts 
were obtained from the sternal notch to the 
level of the diaphragm using an EMI (20- 
second) scanner; in some cases, the adrenal 
glands also were examined. Contrast material 
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(Hypaque-M, 75%*) was administered in- 
travenously by bolus technique at the discre- 
tion of the monitoring radiologist in order to 
differentiate vascular structures from suspi- 
cious lymph nodes. Sixty-five patients had 
standard supine or erect mediastinal-hilar RT 
using a Siemens Universal Planigraph with an 
aluminum trough filter or a CGR Stratimatic 
unit. Kilovoltage ranged from 70 to 95, with an 
arc setting of 30 to 40 degrees. Ten patients had 
whole-lung tomography at the request of their 
attending physicians. The studies were evalu- 
ated independently by two radiologists, one 
specializing in CT and the other in RT. Neither 
was informed of the other’s results. Although 
CT and RT could not specifically delineate 
tumor metastasis in lymph nodes, nodes were 
called positive radiographically if their size ex- 
ceeded 1 cm. Surgical and pathological results 
comprised the standard against which CT and 
RT findings were judged. Four additional pa- 
tients included in this report were excluded 
from thoracotomy due to abnormal adrenal 
scans. Metastatic carcinoma was proved in all (3 
by CT-guided needle biopsy and 1 by post- 
mortem examination). 

The sensitivity of a study was determined by 
dividing the true positive values by the sum of 
true positive and false negative values. Spe- 
cificity was obtained by dividing the number of 
true negative values by the sum of true negative 
and false positive values [4]. 


Results 

Of the 75 surgical cases studied, only 73 could 
be compared. Two CT studies could not be 
evaluated because postobstructive atelectasis 
and pneumonitis obscured contours of the 
mediastinum (Fig 1). Computed tomography 
reliably detected lymphadenopathy in the 
mediastinum. Both false positive and false 
negative findings were uncommon (Table 1), 
yielding a sensitivity of 91% and specificity of 
94% (Table 2). However, these figures dropped 
to 73% and 87% in CT scans of the hilum. 
Radiographic tomography of the mediastinum 
was less sensitive and specific, with respective 


*Winthrop Laboratories, Division of Sterling Drugs, New 
York, NY 10016. 
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Fig 1. Computed tomogram 10 cm below the sternal 
notch demonstrating obliteration of contiguous medias- 
tinal detail (arrows) by atelectasis from an endobron- 
chial carcinoma. 


Table 1. Percent False Positive and False Negative 
Values for Radiographic and Computed 
Tomography in Detecting Lymphadenopathy* 


False False 
Technique Positives Negatives 
CT mediastinum 4 3 
RT mediastinum 8 11 
CT hilum 10 6 
RT hilum 19 13 





“Only lymph nodes 1 cm or greater in size are considered. 


CT = computed tomography; RT = radiographic tomog- 
raphy. 


values of 61% and 86%; RT images of the hilum 
consistently showed poor sensitivity (47%) and 
specificity (72%). To compare the reliability of 
these determinations, the sum of the sensitivity 
and specificity for each subgroup was obtained 
[5]. Percentages above 180% were considered 
excellent, 160 to 179% good, and below 160% 
poor. Computed tomography of the medias- 
tinum had a combined value of 185%; CT of the 
hilum and both RT subgroups showed poor re- 
liability in detecting lymphadenopathy, with 
sums of 160% or below. 

The positive predictive accuracy of a test is 
determined by dividing the number of true 
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Table 2. Reliability of Chest Radiographic and Computed Tomography in Detecting Lymphadenopathy* 


Te ees 


Sum of 
Sensitivity Specificity PPA NPA Sensitivity and 
Technique (%) (%) (%) (%) Specificity (%) 
CT mediastinum 91 94 88 95 185 
RT mediastinum 61 86 67 83 147 
CT hilum 73 87 65 91 160 
RT hilum 47 72 35 81 119 





“Only lymph nodes 1 cm or greater in size are considered. 


"Tests with sums less than 180% are not considered reliable, 


PPA = positive predictive accuracy; NPA = negative predictive accuracy; CT = computed tomography; RT = radiographic 


tomography. 


positive values by the sum of the true and false 
positive values [4]. This figure indicates the 
chance that a positive observation would in fact 
be a true positive finding. Similarly, the nega- 
tive predictive accuracy (true negative values 
divided by the sum of true negative and false 
negative values) will predict the accuracy of a 
negative finding. Computed tomography of the 
mediastinum correctly predicted positive lymph- 
adenopathy 21% more often than did RT (see 
Table 2). True negative values were 12% higher 
for CT than for RT evaluations of the medias- 
tinum. Although both modalities poorly pre- 
dicted positive lymph nodes in the hilum, CT 
values were almost double those for RT. Pre- 
diction of true negative nodes in the hilum was 
more reliable with CT scanning. 

In comparing the subgroup of 10 patients 
who had whole-lung tomography with those 
who had standard RT, positive predictive val- 
ues were better in the whole-lung tomography 
group. Whole-lung tomographic scans of the 
mediastinum had a 90% positive predictive ac- 
curacy compared to 67% for RT. Whole-lung 
tomography of the hilum had an 86% positive 
predictive accuracy, while RT was only 35% ac- 
curate. Whole-lung tomography and RT had 
similar negative predictive accuracy for both 
the mediastinum and hilum (see RT values in 
Table 2). Since the whole-lung tomography 
group comprised a relatively small percentage 
of the study group, conclusions concerning the 
reliability of the technique compared with that 
of standard RT and CT cannot be made at this 
time. 

Adrenal CT scans were obtained in 60 pa- 





Fig 2. Large, occult left adrenal metastasis (arrows) dis- 
covered in a patient with a left lower lobe adenocar- 
cinoma. Diagnosis was made by CT-guided needle 
biopsy. 


tients from the surgical subgroup. Fifty-three 
were considered normal, 4 abnormal, and 3 
could not be adequately visualized. One patient 
with a markedly abnormal scan underwent 
laparotomy for staging since his medias- 
tinotomy examination was normal. Small cell 
carcinoma was found in the left adrenal. The 
remaining 3 patients, who had less striking ab- 
normalities on their scans, did not have biop- 
sies, and their lesions have shown no pro- 
gression on interval CT determinations. Four 
additional patients with abnormal 
scans, who initially were considered surgical 
candidates, were also proved to have adrenal 
metastasis (Fig 2). Three of these had CT- 
guided needle biopsy; 1 developed a left-sided 


adrenal 
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pneumothorax after biopsy and required chest 
tube drainage for a short period. The fourth pa- 
tient refused operation; adrenal metastases 
were seen at postmortem examination one 
month later. Cell types in the unoperated pa- 
tients were adenocarcinoma in 2, squamous 
carcinoma in 2, and small cell carcinoma in 1. 


Comment 
A series of reports have evaluated various 
radiographic modalities in the staging of lung 
carcinoma. Underwood and colleagues [6] re- 
ported a 28% false negative rate when CT was 
compared with mediastinoscopy in this regard. 
The calculated sensitivity and specificity in his 
series of 18 patients were 44% and 89%, re- 
spectively. Other series have shown improved 
figures, the sensitivities ranging from 80 to 94% 
and specificities from 76 to 94% [7-9]. Pugatch 
and associates [8] reported that standard chest 
radiography showed the same specificity as CT 
but had a much lower sensitivity (47%). The 
false negative rate for CT of the mediastinum in 
our series was only 3%. One patient had sub- 
capsular metastasis in an anterior mediastinal 
lymph node 0.6 cm in diameter, a threshold size 
for the CT scanner. A second patient had a 1 cm 
posterior mediastinal nodule that was missed 
on the initial reading. During a critique of the 
completed study, the original scan was re- 
viewed and the involved lymph node was seen 
clearly. Radiographic tomography of the medi- 
astinum had an 11% false negative rate. Many 
of these lymph nodes were located in the an- 
terior or posterior mediastinum, a part of the 
chest relatively difficult to evaluate by RT. The 
average size of these nodes was only 0.8 cm. 

The false negative rates for CT and RT of the 
hilum were slightly higher (6% and 13%, re- 
spectively) than those of the mediastinum (3% 
and 11%), revealing the lower sensitivity of 
these tests for this area. This is surprising, since 
the mean diameter of metastatic nodes in the 
hilum was 2.2 cm. Some radiologists feel that 
RT of the hilum provides the best delineation of 
abnormal lymph nodes in this area [10, 11]. Our 
study did not support this claim. 

The false positive rates for CT and RT of the 
hilum were high (10% and 19%, respectively). 
The mean diameter of these lymph nodes was 


1.8 cm. Of 11 lymph nodes removed in toto 
from the hilum and mediastinum, 5 were an- 
thracotic, 4 had multiple granulomas, and 2 had 
reactive hyperplasia. Since a portion of patients 
subjected to extirpative procedures for lung car- 
cinoma will have old granulomatous disease 
or postobstructive pneumonitis resulting in 
lymphadenopathy, false positive results will 
continue to plague these determinations. 

Computed tomographic scanning of the ad- 
renal glands can further extend the value of this 
study for staging lung carcinoma. Unsuspected 
adrenal metastasis in 5 patients was identified 
on CT and proved by biopsy; needless 
thoracotomy was prevented in these patients 
with incurable disease. 

In some instances, CT scanning of the 
mediastinum can clearly demonstrate car- 
cinomatous invasion of mediastinal structures. 
If the neoplasm extends into fatty areas, 
changes in attenuation measurements can show 
tumor interdigitation with adipose tissue of 
lower density. This finding strongly contrain- 
dicates a surgical approach since the likelihood 
of cure is low. If CT is performed after radiation 
therapy or surgical intervention, however, the 
reliability of this observation drops consider- 
ably since tissue interfaces are often obliterated. 

Mediastinoscopy and mediastinotomy have 
substantially lowered the nonresectability rate 
of lung carcinoma. Although these procedures 
are easily performed, they do entail definite 
morbidity and mortality [12-14]. In this series, 
CT scanning of the mediastinum achieved a 
false negative value of only 3%, with no mor- 
bidity or mortality. We believe this compares 
very favorably with invasive staging of the 
mediastinum. When a CT scan of the medias- 
tinum is reported normal, we are prepared 
to bypass invasive staging for definitive 
thoracotomy. We strongly disagree with the 
statement that CT findings of mediastinal in- 
volvement preclude thoracotomy for curative 
resection [11]. Since neither CT nor RT scans 
can distinguish the malignant potential of en- 
larged lymph nodes, all positive studies of the 
mediastinum should be submitted for invasive 
staging prior to thoracotomy. Otherwise, pa- 
tients with potentially resectable lesions will be 
deprived of possible cure. 
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Discussion 

DR. MARTIN F. MCKNEALLY (Albany, NY): I would like 
to compliment Dr. Lewis on this fine study. Well- 
conducted studies of new technology which establish 


their place in the evaluation process are a great ser- 
vice to patients and to all of us. The 4 patients dis- 
covered in the preoperative interval to have adrenal 
metastases seem sufficient evidence alone to justify 
the use of the CT scan. This, incidentally, brings up 
the importance of adrenal palpation through the 
diaphragm at the time of thoracotomy, but CT is 
certainly easier on the patient. 

It seems reasonable to conclude that the CT scan, 
gallium study, and plain roentgenogram are equally 
reliable in patients with relatively advanced disease. 
CT is not diagnostically valuable in a patient with 
advanced disease on chest roentgenogram, but it is 
useful in planning irradiation. Twenty-eight percent 
of patients irradiated on the basis of conventional 
radiology alone have a geographical miss unless CT 
scanning is used. 

To me, the most impressive figure in Dr. Lewis’s 
report is the 95% reliability of a negative test. It ap- 
pears that this really obviates the need for medias- 
tinoscopy. I would lilke to ask Dr. Lewis to comment 
on the strategy for the surgeon who has a presumably 
operable patient. I would like him to put medias- 
tinoscopy and CT in perspective. 

The other thing I would like to comment about is 
the unreliability of anteroposterior (AP) hilar tomo- 
grams. This is a useful piece of old information. Hilar 
tomograms are extremely valuable in the patient who 
can’t tolerate pneumonectomy but can undergo 
lobectomy. I would like to know more about the 
technique of hilar tomography in the authors’ series. 
A patient of ours had relatively negative looking AP _ 
tomograms. In the 55-degree posterior oblique posi- 
tion, however, the study defined the hilum and 
demonstrated extensive hilar node enlargement sur- 
rounding the bifurcation of the left main bronchus, 
making pneumonectomy impossible. I suspect that 
the false negative hilar tomograms in Dr. Lewis’s 
study could have been related to positioning. Were 
the hilar tomograms done in a 55-degree oblique po- 
sition, Dr. Lewis, and do you think your study has 
diminished the presumed value of that approach? 


DR. DOV WEISSBERG (Holon, Israel):. There can be no 
disagreement on the point that computerized tomog- 
raphy is more sensitive and provides more reliable 
information than conventional laminagraphy. How- 
ever, I would like to take issue with the authors on 
the question of preoperative mediastinal exploration. 

Mediastinoscopy, in our hands, detects metastases 
in 40% of patients and also helps to determine 
whether microscopic spread has occurred at all; 
whether to multiple nodes, unilaterally or bilaterally; 
and whether there is invasion of the capsule of the 
node by the tumor. All this spread can occur without 
much nodal enlargement. When nodes are not ap- 
preciably enlarged, neither computerized nor con- 
ventional tomography will tell us anything about this 
important microscopic spread. Therefore, medias- 
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tinoscopy remains an important staging procedure 
that should be part of standard preoperative evalua- 
tion of patients with lung cancer and not be too 
lightly dismissed. 


DR. SOL SHAZ (Onley, MD): I wonder what constitutes 
an adequate preoperative work-up of patients with 
lung cancer. We used to be told that you had to do 
brain scan, bone scan, liver scan. Now most hospi- 
tals have CT scans. Should we be doing CT of the 
head, of the chest, or of the abdomen as well, in ad- 
dition to other tests? 


DR. ROBERT GINSBERG (Toronto, Ont, Canada): Dr. 
Lewis failed to tell us how he confirmed the absence 
or presence of mediastinal lymph node involvement 
at the time of thoracotomy. I was wondering how he 
did this. With left thoracotomies, did he do superior 
mediastinal explorations at the time of thoracotomy 
and biopsy lymph nodes at every site, or were these 
just presumed negative nodes? 


UNIDENTIFIED: I would like to ask the authors if they 
think an adrenal CT scan should now be added to the 
preoperative evaluation of patients with cancer of the 
lung. 


UNIDENTIFIED: If the positive adrenal scan is the only 
indication of inoperability, would the authors rec- 
ommend routine exploration by needle biopsy or 
laparotomy, or would they just consider the patient 
inoperable? 


DR. THOMAS G. BAFFES (Skokie, IL}: I think this as- 
sembly is entitled to know that our legal office has 
been involved in five litigations involving medias- 
tinoscopy. I would be interested in a show of hands 
on how many people here are involved in such liti- 
gation. This experience has led me to be a little cau- 
tious about the obligation of performing medias- 
tinoscopy, and to try to find other means of evaluat- 
ing a patient. 


DR. LEWIS: I thank Drs. McKneally and Weissberg for 
their kind comments. Before a CT scanner was avail- 
able in our institution, we relied on a good history 
and physical examination and standard chest 
roentgenograms with conventional tomography, 
supplemented by bronchoscopy and barium swal- 
lows when central lesions were present. Invasive 
staging was employed for centrally located tumors or 
lesions with evidence of mediastinal invasion or 


metastasis. Peripheral lesions with otherwise normal 
radiographic findings generally were not staged in- 
vasively. 

I cannot give you figures on how many patients in 
this study had oblique tomograms. We generally left 
the details of RT to the discretion of the participating 
radiologist. There is controversy in the literature 
concerning the effectiveness of RT in detailing hilar 
and mediastinal lymphadenopathy. Certainly, our 
study did not indicate that it is a very reliable pre- 
dictor of hilar adenopathy. 

We do worry about false negative results of CT and 
RT scanning. Most nodes in this category were small 
and contained intranodal metastasis. We still con- 
sider these patients operative candidates, provided a 
radical dissection is performed. Even though our 
false negative findings would subject these patients 
to a direct thoracotomy without staging, we hope 
that many would fall into a potentially curable cate- 
gory. 

To answer the question about other scans available 
in the preoperative evaluation of lung carcinoma: 
unless symptoms, signs, or laboratory abnormalities 
point to the frequent organs of lung carcinoma 
metastasis, that is, brain, bone, and liver, nuclear 
scans are not routinely ordered. 

For invasive staging, we primarily use an anterior 
mediastinotomy, especially for left-sided lesions, so 
that the subaortic region can be explored. If subcari- 
nal nodes are enlarged on our scans, a cervical 
mediastinoscopy would be the procedure of choice. 
If the patient were subjected to a thoracotomy, all 
visible and palpable lymph nodes in the hilum and 
mediastinum would be biopsied for inclusion in this 
study. I am sure we missed some, but I think that 
was a limitation of the operation. 

The finding of an abnormal adrenal CT scan in an 
otherwise potentially resectable patient poses a real 
dilemma. Some of these changes are gross and un- 
equivocal; these patients are subjected to either nee- 
dle or open biopsy, depending on the aggressiveness 
of our radiologists. In those with subtle findings, I 
have elected to treat the primary pulmonary problem 
and obtain sequential adrenal scans several months 
postoperatively. So far the 3 patients in this category 
have not shown progression of their abnormal scans. 
I’m afraid I don’t have the final answer to this prob- 
lem at present. 

Concerning the comment on litigation associated 
with mediastinoscopy or mediastinotomy, to date I 
have not had a problem with this. Maybe that is be- 
cause I use the CT scanner more. 


Coronary Artery Bypass in Women: Long-term Survival 


Duncan A. Killen, M.D., William A. Reed, M.D., Malcolm Arnold, M.D., 
Ben D. McCallister, M.D., and Hubert H. Bell, M.D. 


ABSTRACT During a 6-year period ending De- 
cember, 1976, 385 female patients underwent coro- 
nary artery bypass at the Mid-America Heart Insti- 
tute. This group constituted 14.6% of the total 
experience. The operative (thirty day) mortality was 
1.3%, which is not significantly greater than that ex- 
perienced by male patients operated on concur- 
rently. A total follow-up of 2,015 patient-years was 
obtained. The incidence of nonfatal acute myocar- 
dial infarction was 2.0 per 100 patient-years of 
follow-up, and the incidence of repeat coronary ar- 
tery bypass was 0.8 per 100 patient-years. The actu- 
arial survival was 90% at 5 years and 75.3% at 10 
years. Of the 46 deaths (early or late), 58.7% were 
cardiac in nature. Although the absolute survival of 
women is as good as that observed in men, the fe- 
male patients did not achieve the expected survival 
pattern of a matched (for age and sex) general popu- 
lation as is observed in our male patients undergoing 
coronary artery bypass. These results obtained with 
coronary artery bypass justify the use of similar cri- 


teria for the application of this therapy in men and’ 


women. 


Previous reports have shown that coronary ar- 
tery bypass in women is attended by a higher 
operative mortality and a poorer late survival 
than that experienced by men who undergo this 
procedure. During a 6-year period ending De- 
cember, 1976, 385 women underwent primary 
isolated coronary artery bypass at the Mid- 
America Heart Institute. The present report 
summarizes the early and late results obtained 
in this series of patients. 


Material and Methods 

During the 6-year period ending December, 
1976, 2,898 patients underwent coronary artery 
bypass at the Mid-America Heart Institute. In 


From the “Mid-America Heart Institute of the St. Luke’s 
Hospital, KansaS-City, MO. 


Accepted for publication Jan 5, 1982. 


Address reprint requests to Dr. Killen, 4320 Wornall, Suite 
510, Kansas City, MO 64111. 


215 instances, coronary artery bypass was per- 
formed in combination with some other car- 
diac procedure such as valve replacement or 
aneurysmectomy. In 55 instances, a secondary 
(repeat) isolated coronary artery bypass proce- 
dure was performed. Thus, 2,628 patients 
underwent primary isolated coronary artery 
bypass. Three hundred eighty-five of these 
patients were women. The extent of the coro- 
nary artery disease, as judged by preoperative 
angiographic findings, was categorized as 
single- , double- , or triple-vessel disease by 
criteria previously described [1]. The records of 
patients who died within thirty days of opera- 
tion (an operative death) were analyzed in de- 
tail. Late follow-up was obtained by repeat 
hospitalization, office visits, communication 
with the referring physician, and telephone 
contact with the patient. The anginal status was 
determined at yearly intervals after operation 
and was classified according to the New York 
Heart Association criteria. Also, a tabulation 
was made of the incidence of nonfatal acute 
myocardial infarction and repeat coronary ar- 
tery bypass procedures. The cause of each late 
death was determined by communication with 
the attending physician, the patient’s family, or 
review of the postmortem examination find- 
ings. 

Survival was calculated using the life-table 
method [2]. The 95% confidence limits (+ twice 
the standard error) of the survival curve were 
calculated by the method of Greenwood, to the 
time at which the standard error exceeded 5% 
[2]. For comparison, the expected survival of a 
white United States population matched for age 
was calculated to 10 years, based on 1970 census 
data [3]. Difference in the sex incidence of 
mortality and causes of death were analyzed 
using the chi-square method [4]. 


Results 
Coronary artery bypass in women (385 patients) 
made up 14.6% of isolated coronary artery 
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Fig 1, Distribution by age and sex of 2,628 consecutive 
patients who underwent primary isolated coronary ar- 


tery bypass at the Mid-America Heart Institute. Data 
are expressed as percentage of total experience. 


bypass operations performed during this study 
period. The distribution of all patients by age 
and sex is shown in Figure 1. It is apparent that 
female patients were, on the average, older than 
male patients undergoing coronary artery 
bypass. The distribution of female patients by 
extent of coronary artery disease and number 
of bypasses performed is shown in Table 1. 
Data on the 5 patients who died an operative 
death (1.3%) are summarized in Table 2. The 
cause of death was sudden bradycardia (third- 
degree heart block?) in one instance and, al- 


though cardiopulmonary resuscitation was. 


accomplished, the patient sustained severe 
neurological damage resulting in death three 
days later. In two instances, there was hemor- 
rhage from the aorta-graft anastomosis. In 1 of 
these patients, the bypass graft had been con- 
structed from a cephalic vein that was rather 
thin walled. Although the hemorrhage was 
initially controlled, the patient sustained 


Table 1. Extent of Disease and Operation Performed 


neurological damage resulting in death on the 
third postoperative day. The other patient who 
died of hemorrhage collapsed suddenly on the 
ninth postoperative day and could not be resus- 
citated. Two additional patients died of car- 
diogenic shock. One was a 70-year-old woman 
with preinfarction angina who died on the first 
postoperative day. The other sustained acute 
myocardial infarction and cardiac arrest im- 
mediately following cardiac catheterization, 
and was transferred to the operating room 
while undergoing cardiac massage and me- 
chanical ventilation. This patient underwent 
thoracotomy and was placed on cardiopulmo- 
nary bypass while cardiac massage and venti- 
lation were continued. She could not be re- 
moved successfully from cardiopulmonary 
bypass at the end of the emergency procedure. 
Two of the 5 patients had severe stenosis of the 
left main coronary artery. 

A total of 2,015 patient-years of follow-up 
(mean, 5.2 years per patient) was obtained 
(Table 3). Only 1 patient was lost to follow-up. 
That patient was asymptomatic when last seen 
4 years postoperatively. During the follow-up 
period, there have been 41 documented non- 
fatal acute myocardial infarctions (2.0 per 100 
patient-years). Sixteen patients have required a 
second coronary artery bypass procedure (0.8 
per 100 patient-years). One patient has under- 
gone a third bypass procedure, and another 
patient has had percutaneous balloon dilation 
of stenotic saphenous vein graft. 

Including the 5 operative deaths, there have 
been 46 deaths. The cardiac causes of late death 
were acute myocardial infarction in 10 patients, 
congestive heart failure in 6 patients, unex- 
pected sudden (arrhythmia?) death in 5 pa- 
tients, and an operative death following repeat 


No. of Bypasses 





Extent of Disease One Two 
One vessel 102 9 
Two vessels 39 63 
Three vessels 19 78 
Total 160 150 





Three Four Total 
0 0 111 
12 0 114 
53 10 160 
65 10 385 
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Table 2. Operative Deaths 


No. of l 
Patient Age Vessels Cause of Time of 
No. (yr) Preop. Status® Diseased? LVEF Death Death 
1 69 IV, PI ; 2 (LM) 31 Bradycardia 3 days 
2 62 LS 2 82 Hemorrhage 9 days 
3 56 Iv, P 1 58 Hemorrhage 3 days 
4 70 IV, PI 1 75 Cardiogenic 1 day 
shock, 
5 46 AMI? 3 (LM) 46 Cardiogenic OR 
shock 
aPreoperative angina class and type (S = stable; P = progressive; PI = preinfarction). - 
‘LM designates significant left main occlusive disease. 
*Hyperacute acute myocardial infarction with intractable asystole. 
LVEF = left ventricular ejection fraction; AMI = acute myocardial infarction; OR = operating room. 
Table 3. Patient Survival 
Interval after Patients Withdrawn: Interval Cumulative ’ 
Operation Entering Alive Deaths Survival? 
0-1 mo 385 0 5 98.7 + 1.2 
1-6 mo 380 0 3 97.9 +15 
Yo~1 yr 377 0 3 97.1 + 1.7 
1-2 yr 374 0 7 95.3 + 2.2 
2-3 yr 367 0 5 94.0 + 2.4 
3-4 yr 362 60 8 91.8 + 2.8. 
4-5 yr 294 88> 5 90.0 + 3.2 
5-6 yr 201 71 4 87.7 + 3.8 
6-7 yr 125 66 3 84.9 + 4.9 
7-8 yr 57 33 2 80.7 + 7.4 
8-9 yr 22 14 1 79.3 
9-10 yr 7 7 0 75.3 


“Survival (+ twice the standard error) expressed as a percentage. 


bOne patient lost to follow-up during interval. 


coronary artery bypass in 1 patient. Including 
the operative deaths, 27 of the 46 deaths 
(58.7%) were cardiac in nature. Other promi- 
nent causes of death were cerebrovascular ac- 
cident (8 patients) and neoplastic disease (3 
patients). One individual died of each of the’ 
following: automobile accident, pulmonary 
embolus, aortic thrombosis, thrombocytope- 
nia, pancreatitis, intestinal obstruction, upper 
gastrointestinal bleeding, and ruptured abdom- 
inal aortic aneurysm. 

The anginal status, evaluated at yearly inter- 
vals after operation, showed that 74.6% of the 
survivors were angina free 1 year postopera- 


tively, 46.1% 5 years postoperatively, and 
25.3% 9 years postoperatively. The incidence of 
no angina or mild (Class I or IT) angina was 90% 
1 year postoperatively, 76.4% at 5 years, and | 
50.6% at 9 years. 

The actuarial survival curve is shown in Fig- 
ure 2. The survival was 90% 5 years postopera- 
tively, and 75.3% 10 years postoperatively. This 
curve is compared with the survival curve of a 
“normal” United States population matched for 
age and sex (see Fig 2). It is apparent that survi- 
val was below that of the “normal” population 
throughout the 10 years of follow-up. The 5- 
year survival by number of coronary arteries 
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Fig 2. Survival (solid line) to 10 years postoperatively. 
Vertical bars represent 95% confidence limits (+ twice 
the standard error). Survival of a matched “normal” 
population (broken line) is shown for comparison. 


obstructed was 89.9%, 88.9%, and 90.5% for 
single- , double- , and triple-vessel disease, 
respectively. 


Comment 

Early reports of the results of coronary artery 
bypass in women revealed a significantly 
greater operative mortality and poorer late sur- 
vival than that experienced by men undergoing 
this procedure [5, 6]. Later reports have con- 
firmed an overall poorer result in women, but 
the differences documented have been less 
dramatic [7—10]. 

In our experience, the 385 women who 
underwent coronary artery bypass have sur- 
vived as well as the overall group of 2,628 pa- 
tients. The operative mortality was 1.3% in 
women and 0.9% in men ( = 0.5) [1]. Ninety 
percent of the female patients were alive at 5 
years. This result equals the 5-year survival of 
the entire group [1]. When we compared survi- 
val of female patients with survival anticipated 
in a “normal” population matched for age and 
sex, we found a course different from that seen 
in male patients who had undergone coronary 
artery bypass. From a previous study, we con- 
cluded that men undergoing coronary artery 
bypass survive as well as a “normal” matched 
population to 5 years; this “reversion” to nor- 
mal survival continues to 10 vears in those with 
single- and double-vessel disease [1]. On the 
contrary, it is evident that women do not sur- 
vive as well as a matched population (see Fig 2). 
Although the mean age of women undergoing 
coronary artery bypass was higher than that of 


Table 4. Relation of Extent of Disease to Sex 


Extent of 
Disease Women Men 
One vessel 111 (28.8%) 348 (15.5%) 


114 (29.6%) 
160 (41.6%) 


385 


739 (33.0%) 
1,156 (51.5%) 
2,243 


Two vessels 
Three vessels 


Total 


men, the matched “normal” female population 
should survive better than the matched “nor- 
mal” male population because of the longer life 
expectancy currently enjoyed by women [3]. 

Risk factors that could unfavorably affect the 
survival of women might include greater sever- 
ity of coronary artery disease and less complete 
revascularization. It is evident from Table 4, 
however, that the occlusive disease (as mea- 
sured by the number of vessels occluded) was 
less severe in women than in men operated on 
during the same period. The incidence of sig- 
nificant left main coronary artery disease was 
equal, being 10.1% in female patients versus. 
10.3% in male patients. Further, Tyras and col- 
leagues [7] and Douglas and associates [8] dem- 
onstrated a lower incidence of both preopera- 
tive infarction and impaired left ventricular 
function in women undergoing coronary artery 
bypass. It is true that the number of bypass 
grafts constructed per operation was greater in 
male than in female patients (mean, 2.0 versus 
1.7); however, if one calculates the ratio of the 
number of bypasses constructed per coronary 
artery obstructed, the difference is less strik- 
ing (mean, 0.86 versus 0.80). Others have 
documented that the completeness of revas- 
cularization tends to be less in women under- 
going coronary artery bypass [7, 8]. 

Following operation, only 27 (58.7%) of the 
46 deaths in women were cardiac in nature; 
whereas 162 (65.9%) of the deaths in male pa- 
tients undergoing coronary artery bypass were 
due to cardiac causes [1]. This difference is not 
significant (p = 0.3). On the other hand, non- 
cardiac cardiovascular causes of death ac- 
counted for 23.4% of all deaths in women, and 
for 14.6% of all deaths in men. While these data 
might be construed as suggesting the existence 
of a more severe general vascular disease pro- 
cess in women who undergo coronary artery 
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bypass, the difference in incidence of (extracar- 
diac) vascular deaths in men and women was 
not significant (p = 0.25). 

Although it appears from the present study 
that absolute survival in women is equal to that 
obtained in men following coronary artery 
bypass, it is nevertheless evident that women 
do not assume a “normal” age-matched popu- 
lation survival pattern, as do men. The causes 
of this difference are not clear from the data 
presented. It has been suggested that female 
patients with symptomatic coronary artery dis- 
ease are more frequently affected by a more se- 
vere variant of systemic atherogenesis [5, 8, 9]. 
Also, it is evident that the smaller size of the 

“coronary arteries in women result in greater 
technical difficulties in constructing coronary 
artery bypasses [5-11]. Despite these reported 
problems, we conclude that the results obtained 
by myocardial revascularization in women jus- 
tify the use of similar criteria for selecting pa- 
tients for coronary artery bypass without qual- 
ification for sex. 
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gh-Frequency Ventilation for 
and Bronchoplasty: A New Technique 


Nabil El-Baz, M.D., Robert Jensik, M.D., L. Penfield Faber, M.D., 


and Richard S. Baro; M.D. 


ABSTRACT Major airway surgery requires the 
maintenance of adequate ventilation and oxygena- 
tion during the period of resection and reconstruc- 
tion, as well as an unobstructed surgical field and 
optimal access to the airway’s circumference. High- 
frequency positive-pressure ventilation (HFPPV) at a 
frequency of 1 Hz (60 breaths/min) or more, along 
with a small tidal volume (50 to 250 cc), provides 
adequate ventilation and oxygenation with minimal 
impairment of pulmonic and systemic circulatory 
functions. 

We have used HFPPV of one lung through a 2 mm 
internal diameter catheter in six patients (three un- 
dergoing right sleeve pneumonectomies, two having 
carinal tumor resections, and one having tracheal re- 
section). High-frequency positive-pressure ventila- 
tion of the left lung provided continuous and ade- 
quate ventilation and oxygenation during the period 
of resection and reconstruction of the airways, while 
the small catheter permitted unimpaired visualiza- 
tion and adequate access to the operative site. 


High-frequency positive-pressure ventilation 
(HFPPV) was first used by Oberg and Sjostrand. 
in 1969 during their studies of the regulation of 
blood pressure in animals [1]. They found that 
HFPPV eliminated the respiratory-synchronous 
variations of blood pressure and heart rate as- 
sociated with spontaneous breathing and con- 
ventional intermittent positive-pressure venti- 
lation (IPPV). The ventilatory, circulatory, and 
other systemic effects of HFPPV were studied 
by Oberg and colleagues and Jonzon and as- 
sociates in 1971 [1, 2]. Heijman and co-workers 
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[3] introduced HFPPV into clinical anesthesia 
for routine surgery the following year. 

High-frequency positive-pressure ventilation 
has been demonstrated to have certain advan- 
tages during anesthesia for laryngoscopy, bron- 
choscopy, and microsurgery of the larynx [4]. 
Moreover, HFPPV has been found ideal for 
long-term ventilation of patients with large 
bronchopleural fistulas [5]. 

The technique utilizes a small tidal volume 
(50 to 250 cc) delivered to the patient’s airway at 
a rate of 1 Hz (60 breaths/min) or more. Ade- 
quate alveolar ventilation and oxygenation are 
probably achieved by a combination of convec- 
tive flow and accelerated gas diffusion. The 
rapid insufflation of a small tidal volume, at the 
center of a continuous outflow of gas during 
HFPPV, generates eddy flow in the airways; 
this may improve gas mixing and provide more 
uniform gas distribution. Airway pressure 
during HFPPV has been shown to be continu- 
ously positive, with low mean and peak pres- 
sures. The increased functional residual ca- 
pacity resulting from the continuous airway 
pressure improves the ventilation/perfusion ra- 
tio. Moreover, the transpulmonary pressure has 
also been shown to be continuously positive, 
with minimal impairment of pulmonary and 
systemic circulation [6, 7]. 

High-frequency ventilation (HFV) has been 
subdivided into two categories according to 
frequency: HFPPV and high-frequency oscil- 
lation (HFO) [8]. High-frequency positive- 
pressure ventilation uses a frequency of 1 to 10 
Hz (60 to 600 breaths/min) and a tidal volume 
between 50 and 250 cc. It probably achieves 
adequate gas exchange by a combination 
of convection and improved gas diffusion. 
Other terms used to describe HFPPV are 
high-frequency low tidal volume ventilation 
(HFLTVV) and high-frequency jet ventilation 
(HFJV). High-frequency oscillation utilizes a 
higher frequency (10 to 100 Hz or 600 to 6,000 
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Fig 1. The high-frequency positive-pressure ventilator. 
The electromagnetic valve interrupts the driving gas 
pressure flow. 


breaths/min) and a smaller tidal volume (5 to 30 
cc), resulting in alveolar ventilation and oxy- 
genation probably by pure acceleration of gas 
diffusion [9-13]. Another ventilation technique 
is IPPV, which differs from HFV in that IPPV is 
based ‘on a large tidal volume (800 to 1,000 cc) 
delivered at a slow rate of 12 to 20 breaths per 
minute. Alveolar ventilation and oxygenation 
are maintained during IPPV by convection, 
with no improvement of gas diffusion. 

The applications of conventional methods of 
ventilation during anesthesia for major airway 
surgery have been associated with inadequate 
alveolar ventilation and impairment of surgical 
access [14]. The search for an alternative 
method that would eliminate these problems 
led us to develop the technique of one-lung 
HFPPV using a small-sized catheter. We report 
the clinical evaluation of this technique in six 
patients during major reconstructive airway 


surgery. 


Materials and Methods 

The high-frequency ventilator was designed 
and built by the Department of Anesthesiology 
at Rush Medical College. Its function is based on 
an electromagnetic value operated by a micro- 
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electronic circuit. The frequency range varies 
from 0.5 to 5 Hz (30 to 300 breaths/min), and the 
inspiratory insufflation time (IT%) control from 
0.1 to 1.0 second. The electromagnetic value 
serves as an interruptor of the driving gas pres- 
sure (DGP) flow. The DGP is controlled manu- 
ally by a one-stage reducing valve ranging from 
0 to 60 psi (Fig 1). 

High-frequency positive-pressure ventilation 
of one lung was achieved by the use of a spe- 
cially designed catheter (45 cm long, 2 mm 
internal diameter), which is fitted proximally 
with a high-pressure metal adaptor to prevent 
disconnection and gas leakage. The catheter has 
a single opening at the distal end of the tip. The 
sterile catheter is connected proximally to the 
gas output tubing of the HFPPV ventilator. The 
open bronchus or trachea proximal to the 
catheter tip provides an exit for the continuous 
outflow of gas to the atmosphere. 

This HFPPV system was used in combination 
with right sleeve pneumonectomy in three pa- 
tients (Nos. 1, 2, and 3) with squamous cell 
carcinoma of the right upper lobe involving the 
tracheobronchial angle; this diagnosis was 
confirmed by bronchoscopy, biopsy, and to- 


‘mography. Each patient received preopera- 
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Table 1, Clinical Data on Patients Receiving High-Frequency Positive-Pressure 


Ventilation during Operation 








Preoperative 
Patient Age (yr): Bronchoscopy Irradiation Date of 
No, and Sex History Findings (rads) Operation Type of Operation 
1 64, M Cough Squamous cell car- 4,000 1/80 Right tracheal 
cinoma involving sleeve 
tracheobronchial pneumonectomy 
angle 
2 56, F Cough Squamous cell car- 4,000 7/80 Right tracheal 
cinoma involving sleeve 
tracheobronchial pneumonectomy 
angle 
3 61, M Cough Squamous cell car- 4,000 1/81 Right tracheal 
cinoma involving sleeve 
tracheobronchial pneumonectomy 
angle 
4 62,M Hemoptysis Carinal squamous cell 4,000 6/80 Carinal resection 
carcinoma with pericardial 
patch 
5 55, F Shortness of Carinal squamous cell 4,000 5/81 Carinal resection 
breath; carcinoma with pericardial 
lethargy patch 
6 63, M Prior left upper Subcricoid squamous ... 7181 Tracheal resection 
lobe sleeve cell carcinoma 
resection; 
blood-tinged 
sputum 





tive irradiation of 4,000 rads. High-frequency 
positive-pressure ventilation of the left lung 
was also used in two patients (Patients 4 and 5) 
with squamous cell carcinoma of the carina. 
Both underwent preoperative irradiation of 
4,000 rads, followed in four weeks by carinal re- 
section and repair with a pedicled pericardial 
patch. Patient 6 had a squamous cell carcinoma 
of the left lateral wall of the trachea. He under- 
went resection of five tracheal rings with end- 
to-end anastomosis. The clinical features of all 
these patients are summarized in Table 1. 

Anesthesia was induced with thiopental, 4 
mg per kilogram of body weight, followed by 
0.1 mg/kg of pancuronium bromide for muscle 
relaxation. Intubation was done by placing an 
8.00 mm internal diameter endotracheal tube 
above the involved portion of the trachea. 
Controlled ventilation of both lungs was estab- 
lished at a rate of 12 breaths per minute with a 
tidal volume of 10 cc/kg using a mixture of equal 
parts of nitrous oxide and oxygen. Anesthesia 
was maintained with 1 mg/kg of morphine sul- 
fate and 0.5 mg/kg of diazepam. Blood gases 
were measured every 15 minutes. 


The three patients with tracheobronchial 
tumors underwent right sleeve pneumonec- 
tomies. After transection of the hilar vessels 
was performed, the trachea was resected 0.5 cm 
below the carina. The right lung was then re- 
moved, leaving a gap of approximately 5 cm 
between the distal trachea and proximal left 
main bronchus. The presterilized 2 mm inner 
diameter catheter was then passed through the 
endotracheal tube, through the open end of the 
trachea, and into the left main bronchus (Fig 2). 
High-frequency positive-pressure ventilation 
was used in these three patients to ventilate the 
left lung during the period of reconstruction. 
Following completion of the anastomosis, the 
HFPPV catheter was removed, and conven- 
tional: ventilation through the endotracheal 
tube was resumed. 

High-frequency positive-pressure ventilation 
of the left lung for right sleeve pneumonectomy 
was evaluated in these three patients at differ- 
ent frequencies and tidal volumes. Patient 1 re- 
ceived HFPPV at a frequency of 80 breaths per 
minute, at a DGP of 20 psi, an IT% of 40%, and 
a delivered tidal volume of 150 cc. Patient 2 was 
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Fig 2, Catheter for HFPPV in left main bronchus during 
right sleeve pneumonectomy in Patients 1, 2, and 3. (F 
= frequency; DGP = driving gas pressure; IT% = in- 
sufflation time.) 





Fig 3. Catheter for HFPPV in left main bronchus after 
excision of carinal tumors in Patients 4 and 5. (HFV = 
high-frequency ventilation; other abbreviations the 
same as in Figure 2.) 





ventilated at a slightly higher frequency of 100 
breaths per minute, with a DGP of 20 psi, and 
an IT% of 40%, delivering a smaller tidal vol- 
ume of 100 cc. The frequency was increased 
further for Patient 3 to 120 breaths per minute, 
maintaining a tidal volume of 100 ce by in- 
creasing DGP to 25 psi at 40% IT%. 

Patients 4 and 5 underwent right thora- 
cotomy for excision of a malignant carinal tu- 
mor. Standard ventilation through the endo- 
tracheal tube was discontinued when the 
trachea was opened. The catheter was passed 
through the endotracheal tube and placed in- 
side the left main bronchus (Fig 3). High- 
frequency positive-pressure ventilation was 
used to ventilate the left lung during the time of 
excision and reconstruction. The carinal defect 
was closed with a pedicled pericardial flap. The 
catheter was then removed, and conventional 
ventilation was resumed through the endotra- 
cheal tube. 

Patient 6 underwent excision of a tracheal 
tumor. After the trachea had been transected 
above and below the tumor, the catheter was . 
passed through the endotracheal tube and po- 
sitioned inside the left main bronchus, with 
HFPPV used for ventilation (Fig 4). When the 
tracheal anastomosis had been completed, the 
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Fig 4. Catheter for HFPPV in left main bronchus after 
tracheal resection in Patient 6. (Abbreviations the same 
as in Figures 2 and 3.) 


HFPPV catheter was removed and conventional 
ventilation resumed. 

High-frequency positive-pressure ventilation 
of the left lung during tracheal and carinal re- 
construction was evaluated in these three pa- 
tients at a frequency of 150 breaths per minute, 
a DGP of 25 psi, an IT% of 40%, and a tidal 
volume of 75 cc. 


After the operation had been completed, 
muscle relaxants were reversed with 0.08 mg/kg 
of prostigmine and 0.02 mg/kg of atropine, 
while narcotics were reversed with a titrated 
dose of naloxone hydrochloride. All patients 
were extubated in the operating room upon re- 
suming spontaneous ventilation and were ad- 
mitted to the intensive care unit for continuous 
monitoring. 

This study was approved by our Institutional 
Review Board for Human Investigation. In- 
formed consent was obtained from each pa- 
tient. 


Results 

High-frequency positive-pressure ventilation 
through the small catheter provided an un- 
obstructed surgical field and optimal access to 
the circumference of the trachea and bronchi 
with minimal movement of the: mediastinum. 
Moreover, interruption of ventilation was not 
required during the surgical procedure. The 
catheter remained stationary in the bronchus, 
while the continuous outflow of gas from the 
open bronchus prevented contamination of the 
bronchus with blood and debris. All resections 
were performed without complications. 

In addition, HFPPV of the left lung main- 
tained adequate ventilation and oxygenation in 
all patients (mean PaOQ,, 373 mm Hg; mean 
PaCO,, 37 mm Hg) (Table 2); HFPPV of the left 
lung in the three patients undergoing sleeve 


Table 2. Blood Gas Variables for High-Frequency Positive-Pressure Ventilation 


during Operation of the Major Airways 


Ventilation Driving Approximate 
Frequency Gas Tidal 
Patient (breaths/ Pressure Volume Mean PaO, Mean PaCO, 
No. Type of Operation min) (psi) (cc) (mm Hg) (mm Hg) 
1 Right sleeve 80 20 150 590 23 
pneumonectomy 
2 Right sleeve 100 20 100 490 35 
pneumonectomy 
3 Right sleeve 120 25 100 550 39 
pneumonectomy 
4 Excision of 150 25 75 200 42 
carinal tumor 
5 Excision of 150 25 75 180 45 
_carinal tumor 
6 Resection of 150 25 75 230 38 


tracheal tumor 
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pneumonectomy maintained a PaO, between 
450 and 620 mm Hg in Patient 1 (mean, 590 mm 
Hg) and a PaCO, between 18 and 29 mm Hg 
(mean, 23 mm Hg). Slightly increasing the fre- 
quency and reducing the tidal volume resulted 
in a PaO, in Patient 2 between 400 and 549 mm 
Hg (mean, 490 mm Hg) as well as a PaCO, be- 
tween 32 and 41 mm Hg (mean, 35 mm Hg). 
Increasing the frequency without altering the 
tidal volume in Patient 3 resulted in a PaO, 
between 423 and 590 mm Hg (mean, 550 mm 
Hg) and a PaCO, between 34 and 45 mm Hg 
(mean, 39 mm Hg). Statistical analysis of these 
results is not significant because of the small 
number of patients. 

In the three patients who underwent carinal 
and tracheal resection, HFPPV of the left lung 
maintained adequate oxygenation despite the 
associated intrapulmonary shunt through the 
collapsed but perfused right lung. The PaO, in 
Patient 4 was maintained between 160 and 270 
-mm Hg (mean, 200 mm Hg) with a PaCO, be- 
tween 36 and 48 mm Hg (mean, 42 mm Hg). In 
Patient 5, PaO, was maintained between 135 
and 300 mm Hg (mean, 180 mm Hg) and PaCO, 
between 33 and 49 mm Hg (mean, 45 mm 
Hg). Patient 6 maintained a PaO, from 150 to 
288 mm Hg (mean, 230 mm Hg) and a PaCO, 
from 32 to 43 mm Hg (mean, 38 mm Hg). 

The small number of patients in each group 
and the number of variables involved made the 
differences between the results in each group 
statistically insignificant. 


Comment 

The ideal method of ventilation during major 
airway surgery should maintain adequate al- 
veolar ventilation and oxygenation, while pro- 
viding unobstructed access to the circumfer- 
ence of the trachea and bronchi for anatomical 
alignment of an airtight anastomosis or repair. 
There are two techniques of endobronchial in- 
tubation with a single-lumen tube after resec- 
tion: of the airway: by advancing the endo- 
tracheal tube into the left main bronchus or by 
_ using a separate sterile endobronchial tube 
_ through the operative field with a-second sterile 
anesthesia circuit. A standard-size endobron- 
chial tube will permit adequate conventional 
ventilation of one lung, but surgical exposure 
for the anastomosis is impaired. Since repeated 


endebronchial intubation and extubation are 
necessary during construction of the posterior 
portion of the anastomosis, ventilation must 
be alternated with periods of apnea and 
hypoxemia. In our experience, this technique is 
cumbersome and unphysiological [15-18]. 
When used in carinal surgery, a double- 
lumen tube presents limited access to the oper- 
ative field, although ventilation is adequate. 
Moreover, double-lumen tubes have a limited 
application during major airway surgery [19]. 
Cardiopulmonary bypass has been used during 
major airway surgery to provide optimal surgi- 
cal access with adequate gas exchange. How- 
ever, this technique has many problems [20]. 
Endebronchial intubation with a small catheter 
passed down the endotracheal tube and placed 
inside the opposite main bronchus for injector 
jet ventilation provides both adequate opera- 
tive access and ventilation [21]. However, the 
suction effect of the jet draws blood and debris 
into the open bronchus, and the catheter is 
frequently displaced outside the bronchus. 
Movement of the mediastinum with each jet in- 
sufilation is also a major disadvantage of this 
technique. Furthermore, the large tidal volume 


‘used during jet insufflation impairs the pulmo- 


nary and systemic circulation. These drawbacks 
have led to the use of apneic insufflation of 
oxygen through the endobronchial catheter, 
supplemented periodically with jet insufflation 
[22]. This combination provides adequate sur- 
gical conditions but compromises oxygenation 
and ventilation. Although the mechanism by 
which HFPPV provides effective gas exchange 
is not known with certainty, the combination of 
convective flow and improved gas diffusion is 
the most widely accepted theory [23-25]. 

We have found that HFPPV through a small 
endobronchial catheter provides optimal surgi- 
cal access with excellent ventilation and oxy- 
genation. The continuous outflow of gases 
through the open bronchus or trachea prevents 
soiling with blood. The small tidal volume, 
short insufflation time, and low DGP during 
HFPPV reduce the motion of the mediastinum 
and the movement of the catheter. Moreover, 
right-lung HFPPV through a small catheter 
eliminates the problem of right upper lobe 
collapse associated with the use of right en- 
dobronchial tubes in left lung lesions, tra- 


570 The Annals of Thoracic Surgery Vol34 No5 November 1982 


cheobronchial surgery, and left sleeve pneu- 
monectomy. In short, HFPPV is an ideal 
method for use in major reconstructive airway 
surgery and should be considered as the pri- 
mary anesthetic technique for such procedures. 


We thank Mr. Fred Achilles for his help in building 
the HFPPV ventilator. 
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Discussion 

DR. JEAN DESLAURIERS (Montreal, Que, Canada): I 
congratulate Dr. Faro and the Chicago group on an 
excellent presentation. 

We now use the high-flow inflation catheter tech- 
nique for ventilation during major tracheobronchial 
reconstruction. This technique was described by 
Carden in 1973 (Anesth Analg 52:402, 1973) and 
modified a year later by Gillick (Anesthesiology 
40:503, 1974). One hundred percent oxygen is drawn 
from a wall source and delivered through a 14F 
catheter (made from a nasogastric tube) introduced 
in the endotracheal tube. This permits safe and un- 
interrupted reconstruction of the tracheobronchial 
tree. The main advantages of the technique are its 
simplicity (no special equipment is necessary), 
avoidance of repeated endotracheal tube manipu- 
lations, and the optimal oxygenation it provides 
during reconstruction. 


DR. ROBERT GINSBERG (Toronto, Ont, Canada): I 
would like to ask Dr. Faro whether his group used 
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either ear oximeters or percutaneous oxygen mon- 
itors to monitor PaO, levels. We have used these 
techniques and recommend them because, once in a 
while, PaO, drops, and the ventilation rate must be 
altered to improve it. 


DR. NOBLE CORRELL (Stuart, FL): During pneumo- 
nectomy and carinal resection, the anesthesiolo- 
gist can ventilate the remaining lung in a conven- 
tional fashion by the technique that I shall describe. 
In May, 1962, I did a carinal resection with right 
pneumonectomy by threading a No. 7 Portex tube 
into the left main bronchus and affixing it there, air- 
tight, with a 1-0 transfixion wraparound suture 
during the resection and trachea-to-bronchus anas- 
tomosis. Exerting a little traction on the endotracheal 
tube, the anesthetist brought the bronchial orifice up 
closer to the tracheal opening, making their apposi- 
tion easier. 

In this situation, purposeful rotational malalign- 
ment of the tracheobronchial anastomosis produces a 
large, solid, cartilaginous ring or cricoid at the site of 
the anastomosis. This tends to prevent stricture de- 
velopment. The anastomosis can be constructed eas- 
ily with the endotracheal tube in place. The anes- 
thetist can float the mediastinum upward with a little 
positive intrapulmonary pressure, so that the anas- 
tomosis suddenly moves closer to the surgeon in- 
stead of falling away into the left chest. 

The patient operated on in May, 1962, did well 
until developing generalized metastases and dying 


six months later. Another patient who underwent the 
same procedure in April, 1969, is still alive. 


DR. FARO: I thank the discussants for their sophisti- 
cated comments. They are much appreciated. 

Dr. Peters has commented on the problem of air 
blowing into one’s face during HFPPV (see p 579). 
This has not been a problem for us. One can work 
very easily with an open bronchus or trachea. More- 
over, there is minimal mediastinal movement with 
the HFPPV technique, and no problems with shifting 
of the mediastinum as is the case with conventional 
ventilation. 

Cur recommended frequency rate of 150 breaths 
per minute with a volume of 100 cc was determined 
by trial and error. Serial blood gas analyses were 
performed, and after detailed analysis of the intra- 
operative and postoperative results, we came up 
with these values. 

Concerning Dr. Ginsberg’s question, we moni- 
tored intraoperative blood gas determinations only 
by zadial artery blood gas values, which were deter- 
mined at an interval of approximately 5, 10, or 15 
minutes, depending on the values that were returned 
from our blood gas laboratory. 

I thank Dr. Correll for his comments, and I would 
also like to thank the Society for the privilege of pre- 
senting this paper. 


{Additional discussion of this article appears on 
pages 579-580 of this issue. ] 





Notice from The American Board of Surgery 
N 

The American Board of Surgery, Inc., an- 
nounces that it is now authorized to offer the 
Certification of Special Qualifications in Gen- 
eral Vascular Surgery to its Diplomates and 
to those of the American Board of Thoracic 
Surgery. It is not the intent of The American 
Board of Surgery to award this special certifi- 
cation to surgeons whose training or practice 
in vascular surgery is covered by the usual 
parameters of general and thoracic surgery. The 
certification is to be awarded only to those who 
have had intensive or additional approved 
training, or both, in this discipline, or who over 
a period of five years or more have clearly dem- 





onstrated their dedication to vascular surgery 
by making well-known and important con- 
tributions to the specialty. 

Certification will be offered on an annual 
tasis. The first cycle of evaluation of surgeons 
who seek this special certification is now be- 
ginning, and the final step, a written examina- 
tion, will be completed on November 18, 1983. 

Interested surgeons who feel that they qualify 
should address their inquiries—as soon as pos- 
sible but no later than April 1, 1983—to the Sec- 
retary, The American Board of Surgery, Inc., 
1617 John F. Kennedy Blvd, Philadelphia, 
PA 19103. 


Lateral Thoracotomy and One-Lung 
Anesthesia in Patients with Morbid Obesity 


David D. Oakes, M.D., Roy B. Cohn, M.D., Jay B. Brodsky, M.D., 
Ronald C. Merrell, M.D., and John P. Sherck, M.D. 


ABSTRACT Between May, 1980, and October, 
1981, 22 morbidly obese patients ranging in weight 
from 93.4 to 236.8 kg (average, 145.2 kg) underwent 
transthoracic gastric stapling. Fourteen of these op- 
erations were performed using endobronchial intu- 
bation and selective collapse of the left lung to 
facilitate surgical exposure. The patients were com- 
pared with 22 consecutive patients treated by trans- 
abdominal gastric stapling during the same period. 
None of the 44 patients had evidence of chronic al- 
veolar hypoventilation (pickwickian syndrome). In 
terms of operating time, blood loss, duration of in- 
tubation, and hospital stay, the two groups did not 
differ significantly. Despite marked shunting dur- 


ing one-lung ventilation, satisfactory arterial oxygen: 


tension (PaO,) could be demonstrated on 100% oxy- 
gen for all thoracotomy patients (PaO, range, 67 to 
230 torr; mean, 132.3 torr). In fact, except for a lower 
PaO, during one-lung anesthesia, the thoracotomy 
patients were indistinguishable from the laparotomy 
patients in terms of perioperative respiratory func- 
tion. Pain, sedation, and positioning led to signifi- 
cant decreases in vital capacity and one-second forced 
expiratory volume in both groups on the first post- 
operative day, and in the thoracotomy group on the 
second day. There were only two wound infections 
in the thoracotomy group, as opposed to six infec- 
tions with two dehiscences in the laparotomy group. 
It is concluded that lateral thoracotomy with or 
without one-lung anesthesia can be performed 
safely in massively obese patients—at least in those 
without preexisting alveolar hypoventilation syn- 
drome. 


In recent years, the surgical management of 
morbid obesity has evolved from procedures 
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that induce malabsorption to those that de- 
crease caloric intake by severely restricting the 
size of the gastric reservoir [1]. The gastric 
bypass operation originally devised by Mason 
[2] required division of the stomach and crea- 
tion of a Billroth II gastrojejunostomy; clearly, 
this operation could only be performed trans- 
abdominally. Gastric partitioning as described 
by Pace and colleagues [3], however, accom- 
plishes the same physiological purpose without 
requiring an open anastomosis to the small in- 
testine. Given that dissection is limited to the 
proximal stomach, gastric partitioning seems 
ideally suited to a transthoracic approach, espe- 
cially since morbidly obese patients frequently 
have considerably less subcutaneous fat over- 
lying the chest wall than the abdomen [4]. This 
report describes our experience with 22 mor- 
bidly obese patients who underwent trans- 
thoracic gastric stapling, and compares their 
clinical course with that of 22 patients who were 
operated on transabdominally. 


Patients and Methods 

Beginning in May, 1980, all gastric staplings 
performed by two of the authors (Dr. Cohn and 
Dr. Oakes). were done through a left lateral 
thoracotomy incision, unless associated in- 
traabdominal conditions, such as cholecystitis 
or the need to reverse a previously constructed 
jejunoileal bypass, necessitated a laparotomy. 
A history of prior upper abdominal surgery was 
not considered a contraindication to the trans- 
thoracic approach; 2 patients in the series had 
unsuccessful transabdominal gastric stapling, 
and 1 had undergone hiatal herniorrhaphy. 
Routine pulmonary function studies, including 
arterial blood gases on room air, were obtained 
for all patients. Since September, 1980, all 
transthoracic gastric staplings have been per- 
formed using endobronchial intubation and 
selective collapse of the left lung to facilitate ex- 
posure. 
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With the patient in the right lateral decubitus 
position, the chest is entered by a left 
thoracotomy through the eighth or ninth inter- 
costal space or through the bed of the eighth 
or ninth rib. The tendinous portion of the 
diaphragm is opened radially toward, but 
not through, the esophageal hiatus. After the 
spleen is retracted inferolaterally, the distal 
esophagus is isolated and surrounded by a Pen- 
rose drain. The gastric fundus, which is easily 
seen through the divided diaphragm, is dis- 
sected free for 6 to 8 cm from the esophagogas- 
tric junction. A small opening into the lesser sac 
is made carefully along the lesser curve about 3 
cm distal to the esophagogastric junction to en- 
sure preservation of the vagus nerves and the 
left gastric artery. A TA-90 stapler* is prepared 
by removing either three or five of the central 
staples from a 4.8 mm cartridge. The stapler is 
passed through the opening along the lesser 
curvature and positioned to form a fundal 
pouch of no more than 30 to 60 ml—about the 
size of the surgeon’s thumb. 

After stapling, the upper pouch communi- 
cates with the distal stomach through a 9 to 12 
mm channel formed by the central gap in the 
staple line. With increasing experience, it has 
become apparent that some type of reinforce- 
ment must be used to prevent staple-line dis- 
ruption and consequent enlargement of the in- 
‘tragastric channel. If the pouch empties too 
rapidly into the distal stomach, there will be no 
sense of early satiety, and the patient will fail to 


*Auto-Suture Company, a Division of U.S. Surgical Corp, 
Norwalk, CT 06850. 


lose weight. A variety of reinforcement tech- 
niques have been attempted; it remains to be 
seen which of these will eventually prove most 
effective. We currently place a 3-0 polypro- 
pylene suture completely around the intra- 
gastric channel, tying it loosely over an 18F 
nasogastric tube. The staple line is then com- 
pletely buried anteriorly and posteriorly using 
a running Lembert-type suture of 3-0 poly- 
propylene. After the nasogastric tube has been 
advanced into the distal stomach, the dia- 
phragm is closed with nonabsorbable sutures, 
two chest tubes are inserted, and the tho- 
racotomy is closed in the usual fashion. The 
patient is maintained on an 800 calorie liquid 
diet for eight weeks after operation to minimize 
the likelihood of staple-line disruption. 

Between May 20, 1980, and October 19, 1981, 
22 patients underwent transthoracic gastric sta- 
pling (Group 1). We reviewed the hospital and 
office records of these patients and compared 
them with 22 consecutive patients who were 
treated by transabdominal stapling performed 
by one of the authors (Dr. Merrell) on or after 
May 27, 1980 (Group 2). 


Results 

Patient Profile 

The physical characteristics of the two groups 
are shown in ‘detail in Table 1. There were 15 
women and 7 men in Group 1, and 19 women 
and 3 men in Group 2. On the average, Group 2 
patients were about 41⁄2 years younger, 7 kg 
lighter, and 1 cm shorter than their Group 1 
counterparts. None of these differences were 


Table 1. Clinical Data on 44 Morbidly Obese Patients Who Underwent Transthoracic 


or Transabdominal Gastric Stapling 





Group 1 (Thoracic) 


Group 2 (Abdominal) 





Characteristic (N = 22) (N = 22) 

Sex 15F,7M 19F,3M 

Age (yr)? 20-55 (36.4) 23-54 (32) 

Weight (kg)* 93.4~236.8 (145.2) 100.2-213.8 (137.9) 
Height (cm)? 143-191 (169) 152-188 (168) 
Intubation 

_ Endotracheal 7 22 

' Endebronchial 15 0 





*Values shown are range; mean value of range is given in parentheses. 
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Table 2. Respiratory Function in Morbidly Ob=se Patients Undergoing Gastric Stapling 


Percent Percent 
Group 1 Change Group 2 Change 
Variable (Thoracic) (+/-) (Abdominal) (+/-) 
Preoperative 
PaO, (RA) 64-94 torr (81.0 torr) 57-99 torr (80.1 torr) 
(N = 21) (N = 22) 
PaCO, 33-44 torr (37.1 torr) 32-45 torr (36.9 torr) 
(N = 21) (N = 22) 
vc 2.44-5.43 L (3.93 L) 2.78-4.85 L (3.74 L) 
(N = 20) (N = 21) 
FEV, 1.99-4.68 L (3.20 L) 1.60-3.70 L (3.09 L) 
(N = 20) (N = 21) 
Intraoperative 
oxygen tension 
F1Oz0.35-0.90 173—404 torr 60-408 torr 
N= (N = 5) 
FIO 21.0) 67-230 torr (132.3 torr} 111-461 torr (321.2 torr)” 
(N = 15) (N = 17) 
Postoperative day 1 
PaO, (RA) 48-75 torr (60.6 torr) —25% 55-85 torr (65.8 torr) —18% 
(N = 13) (N = 13) 
PaCO, 36-52 torr (41.0 torr) +11% 34-48 torr (40.4 torr) +9% 
(N = 22) (N = 21) 
vc 0.80-2.90 L (1.49 L)° —60.8% 0.90-2.80 L (1.77 L)* —49.2% 
(N = 12) (N = 14) 
FEV, 0.60-2.30 L (1.03 L)¢ —67.5% 0.50-2.40 L (1.19 L)° —58.4% 
(N = 12) (N = 14) 
Postoperative day 2 
PaO, (RA) 26-72 torr (56.2 torr) —31% 55-80 torr (62.5 torr) —21% 
(N = 13) (N = 13) 
PaCOz 30-47 torr (39.4 torr) +6% 35-46 torr (40.1 torr) +9% 
(N = 16) (N = 15) 
vc 0.80-3.80 L (1.86 L)° —51.8% 1.10-3.60 L (2.09 L) —39.8% 
(N = 10) (N = 15) 
FEV, 0.40-3.20 L (1.14 L)° —63.8% 0.50-2.10 L (1.33 L) —54.3% 
(N = 10) (N = 15) 





“Values shown are range; mean value of range is giver in parentheses. 


Values for Group 1 (left lung collapsed) were significantly lower than those for Group 2 (both lungs ventilated) (p < 
0.0001). There were no significant differences between the thoracic and abdominal groups for any other variable of 
perioperative respiratory function. 

°Significantly different from preoperative value (p < 0.3001). 


PaO, = arterial oxygen tension; RA = room air; PaCG = arterial carbon dioxide tension; VC = vital capacity; FEV, = 
forced expiratory volume at 1 second; F10, = inspired >xygen fraction. 


thought to invalidate a meaningful compari on 
between the two groups. The first 7 thcra- 
cotomy patients were intubated using conv=n- 
tional endotracheal tubes; subsequent patients 
received endobronchial intubation to permit 
selective deflation of the left lung. 


Preoperative Pulmonary Function 
Arterial oxygen tension (PaO,) on room air 
ranged from 64 to 94 torr in Group 1 patierts, 


and averaged 81.0 torr (Table 2). PaO, in Group 
2 patients ranged from 57 to 99 torr, and aver- 
aged 80.1 torr. Eight patients in each group had 
a PaO, on room air of less than 80 torr, 
suggesting at least a mild degree of hypoxemia. 
Two patients in Group 1 had moderate hy- 
poxemia (PaO,, 64 and 69 torr) as did 4 pa- 
tients in Group 2 (PaO, 57, 63, 65, and 69 torr); 
however, none were considered to be in 
chronic respiratory failure. This is confirmed by 
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the fact that PaCO, averaged 37.1 torr in Group 
1 and 36.9 torr in Group 2. Six patients—4 in 
Group 1 and 2 in Group 2—had PaCO, greater 
than 40 torr, but none exceeded 45 torr. Thus, 
no patient demonstrated the carbon dioxide 
narcosis and hypoxemic respiratory drive char- 
acteristic of chronic alveolar hypoventilation 
(pickwickian syndrome). Measurements of vital 
capacity (VC) and forced expiratory volume in 
one second (FEV,) were within normal limits 
for both groups during preoperative testing. 
With regard to all preoperative pulmonary 
function studies, the two groups were statisti- 
cally identical. 


Intraoperative Oxygenation 

The first 7 thoracotomy patients, who under- 
went endotracheal intubation, maintained an 
intraoperative PaO, of 173 to 404 torr on in- 
spired oxygen concentrations varying from 35 
to 90%. Having demonstrated that morbidly 
obese patients could tolerate thoracotomy and 
partial retraction of the left lung while in the 
right lateral decubitus position, we decided to 
assess the safety of endobronchial intubation 
and one-lung anesthesia with complete collapse 
of the left lung to facilitate surgical exposure. 
Fifteen patients were treated in this fashion. All 
patients received 100% oxygen during periods 
of one-lung ventilation; PaO, averaged 132.3 
torr (range, 67 to 230 torr). Although 4 patients 
had a PaO, less than 100 torr, only 1 had PaO, 
less than 70 torr. Satisfactory intraoperative 
oxygenation was thus achieved in all Group 1 
patients, including the 15 who received one- 
lung ventilation during surgical dissection. 
Seventeen patients in Group 2 were ventilated 
with 100% oxygen during operation. Their 
PaO, was always in a safe range, but a con- 
siderable amount of pulmonary arteriovenous 
shunting could be demonstrated (PaO, range, 
111 to 461 torr; mean, 321.2 torr). The increase 
in pulmonary shunt fraction was attributed to 
the position of the patient on the operating 
room table and to the placement of upper ab- 
dominal packs. Of the remaining 5 patients 
in Group 2, 1 had moderate intraoperative 
hypoxemia (PaO,, 60 torr; F1O,, 0.6), illustrat- 
ing the importance of frequent intraoperative 
arterial blood gas determinations and the use of 


high concentrations of oxygen for all massively 
obese patients who undergo upper abdominal 
operations. The thoracotomy patients had a 
lower PaO, during one-lung anesthesia than 
did patients operated on by the abdominal 
route and receiving bilateral ventilation with 
100% oxygen (p < 0.0001), but there were no 
statistically significant differences between the 
two groups for any other variable of periopera- 
tive respiratory function. 


Operative Details 

The duration of operation averaged 120 minutes 
in Group 1 (rangé, 85 to 180 minutes) and 112 
minutes in Group 2 (range, 60 to 165 minutes). 
The estimated blood loss was also comparable 
for the two groups: 50 to 600 ml (mean, 237 ml) 
for Group 1 and 100 to 450 ml (mean, 281 ml) for 
Group 2. There were no splenic injuries in 
either group. The first 8 thoracotomy patients 
were prophylactically ventilated for 9 to 36 
hours after operation (mean, 20.1 hours). The 14 
thoracotomy patients treated most recently in 
the series were extubated either in the operat- 
ing room or shortly after arriving in the recov- 
ery area. Twelve patients in the abdominal 
group were extubated in the operating or re- 
covery room; the other 10 were ventilated for an 
average of 13.3 hours (range, 6 to 19 hours). 
Only 1 patient in either group required reintu- 
bation. This individual, a thoracotomy patient, 
was found to be “choking” on the fifth post- 
operative day; she was extubated 24 hours later. 
The exact nature of her original distress was 
never elucidated. 


Postoperative Respiratory Function 

Arterial blood gas samples during inspiration 
of room air were obtained on postoperative 
days 1 and 2 for 13 patients in each group. On 
the first day after operation, mean PaO, de- 
creased 25% from preoperative values in the 
thoracic group (from 81.0 to 60.6 torr), and 18% 
in the abdominal group (from 80.1 to 65.8 torr). 
Hypoxemia was even more marked on the sec- 
ond postoperative day; PaO, averaged 56.2 torr 
(down 31%) and 62.5 torr (down 21%) for 
Groups 1 and 2, respectively. None of these 
changes, however, were statistically significant 
at the p < 0.05 level. In contrast, the average 
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PaCO, rose only modestly on day 1: from 37.1 to 
41.0 torr in Group 1 (up 11%) and from 36.9 to 
40.4 torr in Group 2 (up 9%). On the second 
postoperative day, the thoracotomy patients 
showed some improvement toward baseline 
values (from 41.0 to 39.4 torr), while abdominal 
patients remained essentially unchanged (from 
40.4 to 40.1 torr). 

The most marked reductions in pulmonary 
function occurred in VC and forced expiratory 
flow (FEF) rates. Vital capacity fell 60.8% and 
51.8% in Group 1 on the first and second post- 
operative days, respectively; the corresponding 
decreases in Group 2 were 49.2% and 39.8%. It 
should be noted that changes of this magnitude 
have been described in nonobese patients fol- 
lowing upper abdominal operations [5]. Even 
greater reductions were observed in FEV,, with 
decreases of 67.5% and 63.8% for Group 1 at 
postoperative days 1 and 2 and of 58.4% and 
54.3% for Group 2 on postoperative days 1 and 
2. Except for the values observed on day 2 in 
Group 2, VC and FEV, showed statistically sig- 
nificant changes from preoperative values (p < 
0.0001). 


Postoperative Course and Complications 

All 22 thoracotomy patients had roentgen- 
ographic evidence of atelectasis, and 16 devel- 
oped pleural effusions. These changes often per- 
sisted for several days but were not associated 
with purulent sputum or clinical pneumonia. 
Atelectasis was also noted in 13 laparotomy pa- 
tients, 3 of whom had concomitant pleural effu- 
sions. Fever was common in both groups; 12 
Group 1 patients and 16 Group 2 patients were 
febrile. All patients became afebrile spontane- 
ously or after treatment of wound or urinary 
tract infections. There were two superficial 
wound infections in Group 1, and six wound 
infections in Group 2, two of which led to fas- 
cial dehiscence. One subcutaneous seroma was 
drained in each group. One urinary tract infec- 
tion was seen in Group 1, and five documented 
infections were noted in Group 2. Two patients 
complained of prolonged postthoracotomy pain 
or paresthesias; 1 patient had persistent pain in 
her laparotomy incision. Except for an episode 
of “choking,” which may have been aspiration, 
on the fifth postoperative day by 1 of the 


thoracotomy patients, there were no life- 
threatening complications in either group. Dis- 
charge from the hospital occurred after 5 to 17 
days (mean, 8.5 days) in Group 1 and after 5 to 
15 days (mean, 7.6 days) in Group 2. 


Comment 

The respiratory changes associated with mor- 
bid obesity arise primarily from decreased 
chest wall compliance and consequent loss of 
lung volume, especially expiratory reserve vol- 
ume [6]. These changes can be mimicked in . 
normal individuals by applying straps to the 
chest wall to prevent full expansion or by im- 
mersing the subject in water [7]. In these situa- 
tions, the end of tidal expiration occurs at a 
lung volume that is below the critical closing 
volume for some dependent airways. Thus, 
during quiet ventilation at rest, small airways 
begin to close, and are perfused but not venti- 
lated. The result is an increase in the pulmonary 
shunt fraction and a consequent increase in 
arterial oxygen desaturation. Moreover, the 
ability of the obese individual to compensate 
for hypoxemia may be compromised by the fact 
that cardiac output is already chronically ele- 
vated in response to the increased metabolic 
demands of the abnormally large body mass [8]. 

Obesity may also produce generalized alveo- 
lar hypoventilation with a chronic elevation in 
PaCO,. If this elevation is accompanied by a re- 
duced ventilatory response to inhaled carbon 
dioxide, the individual will become dependent 
upon a hypoxic drive to maintain ventilation. 
In its extreme form, this condition produces the 
so-called obesity-induced hypoventilation syn- 
drome or pickwickian syndrome, which is as- 
sociated with somnolence, periodic breathing, 
cyanosis, right-heart failure, hypercapnea, and 
polycythemia [8]. None of our patients showed 
evidence of this life-threatening impairment of 
pulmonary function. 

The marked postoperative reduction in arte- 
ria] oxygen tension observed in our patients is 
consistent with that reported by Vaughan and 
colleagues [9] in morbidly obese patients un- 
dergoing jejunoileal bypass operations. Their 
patients were studied for 5 days after operation; 
significant reductions in PaO, were noted to 
persist for 4 days (p < 0.01). Moreover, as they 
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pointed out, at lower arterial oxygen tensions 
such patients function on a more vertical por- 
tion of the oxyhemoglobin dissociation curve. 
Therefore, each decrement of PaO, produces a 
more appreciable decrease in total arterial oxy- 
gen content than would be true at higher 
oxygen tensions. The fall in oxygen content 
coincides with increased metabolic demands 
following operation, increasing the potential 
for acute respiratory failure. The authors stress 
the need for careful postoperative monitoring, as 
well as the importance of supplemental oxygen 
for several days after operation. 
Postoperatively, hypoxemia becomes more 
severe in these patients, because pain, seda- 
tion, and positioning cause further loss of lung 
volume, increased ventilation/perfusion imbal- 
ances, and a larger physiological shunt fraction. 
Incisional pain may limit chest wall excursion, 
regardless of the site of incision. Vaughan and 
Wise [10] have shown that patients undergoing 
jejunoileal bypass through transverse incisions 
have somewhat better arterial oxygen tensions 
on the fourth and fifth postoperative days than 
do those operated on through vertical incisions, 
although no differences were noted on days 1 
through 3 and there were no apparent dif- 
ferences in the patients’ clinical courses. Exces- 
sive sedation may also contribute to postopera- 
tive hypoxemia by blunting respiratory drive. 
Another factor influencing ventilatory me- 
chanics in these patients is positioning. Mor- 
bidly obese patients tolerate the supine posi- 
tion very poorly. The weight of the abdominal 
wall and viscera produce elevation of the dia- 
phragm, and this may embarrass respiratory 
function to the point of cardiopulmonary arrest 
[11]. Vaughan and Wise [12] have found that 
obese' patients do considerably better on the 
first two postoperative days if nursed in the 
semirecumbent rather than the supine position. 
Finley and colleagues [13], however, reported 
that in terms of oxygenation, the lateral de- 
cubitus position- compares favorably with the 
semirecumbent position in morbidly obese pa- 
tients. Moreover, these patients seem to tolerate 
the right lateral decubitus position better than 
the left, especially when the patient is semi- 
erect. Since all of our patients were operated 
on in the right lateral decubitus position, it re- 


mains to be established that gas exchange 
would be equally satisfactory using a right lat- 
eral thoracotomy with the left lung dependent. 

Finally, postoperative hypoxemia may be ag- 
gravated by retention of airway secretions, pro- 
ducing distal collapse and loss of ventilation. 
The effectiveness of the cough mechanism is 
related to FEF rates and, as noted previously, 
FEV, fell significantly during the first two post- 
operative days (p < 0.0001). 

The double-lumen endotracheal tube was 
described by Carlens [14] in 1949 and was 
designed to permit differential bronchospi- 
rometry. The following year, Björk and Carlens 
[15] reported its usefulness in preventing in- 
trabronchial spread of purulent secretions 
during lung resection for bronchiectasis or 
abscess. The dissection of intralobar fissures or 
intrasegmental planes during pulmonary re- 
section may be facilitated by the ability to 
selectively inflate and deflate the lung. Proce- 
dures that require an open bronchus are greatly 
simplified; such procedures include repair of a 
ruptured bronchus, closure of a bronchopleural 
fistula, or performance of a bronchoplastic 
sleeve resection. Endobronchial intubation has 
also proved helpful in the management of al- 
veolar proteinosis [16], hemoptysis [17], and ` 
unilateral pulmonary disease [18]. The main 
disadvantages of the double-lumen endobron- 
chial tube are difficulty of insertion; ‘risk 
of intraoperative malposition, obstruction, or 
bronchial injury; and problems related to the 
tube’s small lumens, including increased air- 
way resistance and difficulty in suctioning se- 
cretions. 

Our data prove that satisfactory arterial 
oxygenation can be maintained during trans- 
thoracic gastric stapling using one-lung anes- 
thesia. Collapse of the left lung facilitates expo- 
sure but is not essential to the performance of 
this particular operation. Endobronchial intu- 
bation allows the anesthesiologist to tailor ven- 
tilation to the precise requirements of each lung 
[19]. For example, if the dependent lung should 
acquire a decreased compliance due to retained 
secretions or mediastinal shifting, differential 
inspiratory and expiratory pressures might be 
utilized on the right and left sides to produce 
optimal gas exchange. The anesthesiologist, 


578 The Annals of Thoracic Surgery Vol 34 No5 November 1982 - 


however, must be skilled in the insertion and 
use of double-lumen endotracheal tubes. The 
institution of positive end-expiratory pressure 
during one-lung anesthesia has been shown to 
lower PaOz, presumably by shifting more of the 
pulmonary blood flow to the unventilated lung 
[20]. Unless the anesthesiologist is familiar with 
the physiology of one-lung anesthesia, the risks 
of the technique will outweigh its advantages 
for transthoracic gastric stapling. 

The role of gastric partitioning and other 
forms of gastroplasty in the management of pa- 
tients with morbid obesity remains to be de- 
fined. Early reports suggest that although the 
operation is safer than jejunoileal bypass, it re- 
sults in substantially lower weight loss [21]. 
Failure of gastric partitioning may arise from 
disruption of the staple line with consequent 
enlargement of the intragastric channel. A vari- 
ety of maneuvers designed to reinforce the 
staple line are currently being reported. The ex- 
cellent exposure of the proximal stomach of- 
fered by the transthoracic approach should be 
particularly helpful in the performance of these 
ancillary maneuvers. 

Transthoracic exposure offers several addi- 
tional advantages to the surgeon doing gastric 
stapling. 


1. Perforation of the proximal gastric pouch has 
been reported after gastric partition and is 
thought to arise from devascularization of 
this area [21, 22]. With the transdiaphrag- 
matic approach, no major vessels need be 
sacrificed, and the possibility of gastric ne- 
crosis and perforation should be remote. 

2. Inadvertent denervation of the gastric fun- 
dus may lessen the patient’s sense of early 
satiety. Nerve injury should be minimized 
by the excellent exposure provided and the 
limited dissection required when ap- 
proaching this area through a thoracotomy 
incision. 

3. Splenic injury, reported in up to 4% of pa- 
tients during transabdominal gastric sta- 
pling [23], should be rare during the trans- 
thoracic operation because of the ease with 
which the spleen is visualized and retracted 
away from.the area of dissection. 

4. The lower incidence of wound complications 


(infections and dehiscences) experienced by 
our thoracotomy patients is probably related 
to the smaller amount of subcutaneous fat 
that had to be transgressed and to the inher- 
ent strength of thoracotomy incisions. 

5. Special retractors are not required for trans- 
thoracic gastric stapling, but are frequently 
employed with the transabdominal ap- 
proach. 

6, One would anticipate a lower incidence of 
adhesive bands and future bowel obstruc- 
tion following thoracotomy, as opposed to 
laparotomy. 


In summary, we have found that lateral 
thoracotomy with or without one-lung anes- 
thesia can be performed safely in massively 
obese patients—at least in those without 
preexisting alveolar hypoventilation syndrome. .. 
The transthoracic approach provides excellent 
operating conditions for gastric partitioning 
and is associated with fewer wound complica- 
tions than is laparotomy. Regardless of the lo- 
cation of the incision, however, morbidly obese 
patients who undergo gastric stapling will have 
a marked reduction in PaO,., VC, and FEF rates 
that may last up to 4 days. It is imperative that 
such patients be carefully monitored and 
treated with supplemental oxygen until post- 
operative hypoxemia has resolved. 
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Discussion 

DR. RICHARD M. PETERS (San Diego, CA): I congratu- 
late Dr. Faro and his colleagues and Dr. Oakes and: 
co-workers on their fine papers. 

I find it somewhat difficult to discuss these papers 
as a single entity because they represent different 
problems in ventilation. Dr. Faro’s paper on jet ven- 
tilation concerns patients who have disease of the 
airways, while Dr. Oakes’s paper deals with patients 
who have abnormalities of the pump, chest cage, and 
diaphragm. During the intraoperative period, each 
group of patients poses very different problems. In 
the postoperative period, however, it becomes criti- 
cal for the patients in both groups to support their 
own ventilation. 

In the original Swedish investigations mentioned 
by Dr. Faro, high-frequency ventilation was used 
clinically in bronchoscopic and laryngoscopic exam- 
inations where the surgeon’s need to have an un- 
obstructed view conflicted with the patient’s need for 
ventilation. This is the indication for application of 
the technique in the patients described by Dr. Faro. 
The use of such a method of ventilation during major 
airway surgery is clearly of great advantage to the 
surgeon, as shown in this paper; there is no need for 
an obstructing tube, and ventilation can be continu- 
ous. The only problem may be that air is blown into 
the surgeon’s face. 

In jet ventilation, a very high concentration of oxy- 
gen is blown into the airways and then sucked out by 
the low-oxygen venous blood. Oxygenation under 
such circumstances is really not a problem; one can 
simply blow oxygen into the airways, and it will be 
sucked out without ventilation. Carbon dioxide, on 
the other hand, is a problem. It is important to em- 
phasize that nobody is sure at this time how carbon 
dioxide is moved out of the airways. We hear about 
facilitated diffusion, but this process has been 
worked out theoretically only for steady flow, not for 
oscillatory flow. One may picture facilitated diffu- 
sion as an increased mixing process with a pressure 
gradient across the tracheobronchial tree; thus, car- 
bon dioxide may have a higher concentration at the 
edges of the airways than at the center. 

Ventilation rate and tidal volume are important 
considerations in one-lung anesthesia. Dr. Faro’s 
group uses a frequency of 150 breaths per minute and 
a tidal volume of 100 cc. Rossing and Stulsky of Bos- 
ton have reported that the product of tidal volume 
and frequency determines carbon dioxide removal 
up to a critical rate between 180 and 360 breaths per 
minute for each patient; above this rate, only tidal 
volume is a determinant. They attribute this phe- 
nomenon to the mechanical characteristics of the 
airways. In the patients described, these characteris- 
tics are totally altered. I would like to ask Dr. Faro 
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how his group decided on 100 cc and 150 breaths per 
minute, and whether they consider these values hard 
data. I assume that the values must have been dis- 
covered by trial and error. I also think we need to 
know the ranges as well as the means of the PaO, and 
PaCO, levels. Were there any times when PaCO, was 
dangerously high in these patients? 

Readers should keep in mind that jet ventilation is 
still being investigated. It should also be noted that jet 
ventilators exert substantial force on the airways and, 
with prolonged use, may have the same effect on the 
tracheobronchial system as one would expect to see 
in poststenotic dilatation. In addition, they create 
marked turbulence in and exert lateral force on the 
airways. Thus, jet ventilation appears to be best 
suited for use in the kinds of patients described by 
Dr. Faro and his colleagues. It may not be as useful in 
patients with very stiff lungs. 

To discuss the paper of Dr. Oakes and associates, 
we need to examine the issue of one-lung anesthesia 
from a different point of view. In morbidly obese pa- 
tients, there are pounds of fat weighing on the re- 
spiratory system, and the respiratory muscles must 
lift up this heavy burden every time they expand the 
lungs, thus lowering the lung volume. Given these 
circumstances, we would expect one-lung anesthesia 
to work very well in such patients. The patient would 
be better off when the chest was opened, since 
opening the chest would allow the mediastinum to 
decompress into the opened hemithorax, and there 
would be less compressing force. Another advantage 
of the technique is that the unventilated lung would 
not have to be retracted but could be allowed to col- 
lapse out of the way. Moreover, ventilation and gas 
transfer would create no problems; as Dr. Oakes has 
noted, oxygenation was excellent in this series of pa- 
tients. 

An important consideration of this technique is 
mobilizing the patient after the operation. Dr. Oakes 
and his co-workers have reported that PaO, and 
functional residual capacity may drop postopera- 
tively. To prevent this, it is very important to put the 
patient on one side or the other with the head raised, 
instead of keeping him or her in the supine position. 

The authors are to be congratulated for the low in- 
cidence of complications in their series. However, I 
would like to ask whether some of their patients who 
experienced complications might have been helped by 
regional anesthesia or blocks at the time of operation. 

Some time ago, Hechtman’s study showed that the 
worst depression of vital capacity was in patients 
who had an abdominal operation rather than a lateral 
thoracotomy. Since the thoracotomy simplifies the 
operative technique and does not make the pulmo- 
nary function worse, it may be the best approach. 


DR. WILLIAM I. BRENNER (Los Angeles, CA): The 


choice by Dr. Oakes of a radial rather than a cir- 
cumferential diaphragmatic incision seems to con- 
tradict standard thoracic surgical technique. I would 
like to ask if he might explain the increased incidence 
of postoperative respiratory complications on the 
basis of the radial incision in the diaphragm with re- 
sultant phrenic nerve dysfunction. 


DR. OAKES: I thank Dr. Peters for his comments. We 
agree that the primary pulmonary defect in morbidly 
obese patients is, at least early on, the mechanical 
burden that their fat imposes upon the muscles of 
respiration. I think it is important to consider the 
pathophysiology of obesity-induced respiratory 
problems as a spectrum. In our series, we dealt with 
the favorable end of that spectrum, where the pa- 
tients breathe at low lung volumes and have only 
mild problems with hypoxemia. They can, however, 
go on to experience chronic carbon dioxide retention, 
carbon dioxide narcosis, and the full-blown pick- 
wickian syndrome. In this series of patients, we have. 
not addressed these more serious types of obesity- 
related respiratory failure. 

We have used some regional blocks in the post- 
operative period. Dr. Brodsky and his colleagues are 
currently performing experimental protocols using, I 
believe, epidural morphine in low doses—and ob- 
taining some very exciting results. 

I did not mean to imply that we nurse our patients 
in a supine position postoperatively. They are usu- 
ally placed in a reverse Trendelenburg position and 
advanced to a sitting position as soon as possible. 

In response to Dr. Brenner’s comments, the radial 
incision was chosen simply because it was the 
shortest one we could make to gain the necessary ex- 
posure. We recognize there are some theoretical ad- 
vantages ta a peripheral incision, but we believe that 
these are outweighed in practice by the increased tis- 
sue trauma and more complicated repair. Frankly, we 
were a bit worried about exactly how much dia- 
phragmatic disruption these patients could tolerate. 
In fact, all of the patients had roentgenographic evi- 
dence of atelectasis for several days postoperatively, 
but none of them had serious pulmonary complica- 
tions. Therefore, we have no immediate plans to 
change our technique. 

Finally, I would like to stress that the safe use of 
one-lung anesthesia requires an anesthesiologist 
who is thoroughly familiar with the technique. For 
example, if one is operating on a patient who is re- 
ceiving one-lung anesthesia and the PaO, falls to an 
unacceptable level, the use of positive end-expiratory 
pressure will actually aggravate the situation by in- 
creasing pulmonary blood flow to the collapsed lung. 
This is just one example of why it is essential that the 
anesthesiologist be completely comfortable with the 
technique of one-lung anesthesia. 
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Congestive Heart Failure in Infancy: A Report 
of Two Cases and Review of the Literature 


Marc M. Levine, M.D., Dov B. Nudel, M.D., Norman Gootman, M.D., 
Allan Wolpowitz, M.D., and B. George Wisoff, M.D. 


ABSTRACT Congestive heart failure as a present- 
ing symptom in infants with pulmonary sequestra- 
tion is rare, and the cases of only 3 such patients 
have been reported. The clinical features, hemo- 
dynamics, and management of two additional pa- 
tients are described. Both were seen in severe con- 
gestive heart failure in the absence of any associated 
cardiac anomalies. The physical findings, plain 
roentgenograms, electrocardiograms, and echocar- 
diograms may provide some diagnostic clues, but 
cardiac catheterization is the essential diagnostic in- 
vestigation. In 1 patient, pneumonectomy was per- 
formed because of extensive changes throughout the 
affected lung. In the other, ligation of the anomalous 
systemic artery to the sequestered lobe was the only 
surgical procedure. Both patients are doing well 15 
months and 18 months after operation. Success with 
the latter surgical approach has not been reported 
previously. 


Congestive heart failure in infancy may result 
from multiple cardiovascular abnormalities, 
such as intracardiac left-to-right shunts, valvu- 
lar regurgitation, systemic arteriovenous fistu- 
las, myocarditis, myocardiopathies, or severe 
anemia. Pulmonary sequestration commonly 
results in recurrent respiratory problems, 
and only rarely causes congestive heart failure 
due to a large blood flow through the abnor- 
mal lobe. To date, only 3 infants have been 
reported in whom congestive heart failure oc- 
curred due to pulmonary sequestration in 
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the absence of other cardiovascular anomalies. 
This communication describes the clinical fea- 
tures, hemodynamics, and management of 2 
additional patients. 


Patient 1 

A female infant was born to a known nar- 
cotic addict. Birth weight was 2,700 gm, and 
Apgar scores were 8 and 10 at 1 and 5 minutes, 
respectively. At 6 weeks of age the infant was 
admitted to Long Island Jewish—Hillside Medi- 
cal Center because of congestive heart failure, 
which had been progressive over the preced- 
ing three weeks. On admission, the patient's 
weight was 3,600 gm. There was no clinical evi- 
dence of cyanosis; respiratory rate was 60 to 70 
breaths per minute, and heart rate was 160 
beats per minute. The first and second heart 
sounds were normal and a grade 3/6 harsh con- 
tinuous murmur was heard over the lateral and 
posterior areas of the left lung. Pulses were 
prominent in all extremities, and the liver was 
palpable 2 cm below the right costal margin. A 
roentgenogram of the chest revealed cardio- 
megaly with normal pulmonary vascularity. A 
posterior rectangular density was evident in 
the left lower lung field. An electrocardiogram 
was compatible with a diagnosis of left ventricu- 
lar hypertrophy. The echocardiogram revealed 
normal intracardiac anatomy, and an enlarged 
left atrium and left ventricle. The baby was 
treated with digitalis and diuretics. Cardiac 
catheterization revealed normal right atrial and 
right ventricular pressures and a mildly ele- 
vated left atrial and a left ventricular end- 
diastolic pressure. The pulse pressure was in- 
creased, with an aortic pressure of 90/30 mm 
Hg. The left ventricular and ascending aortic 
angiograms were normal, but an angiogram 
performed from the abdominal aorta revealed a 
large vessel arising from the aorta below the 
diaphragm and entering the lower lobe of the 
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Fig 1. (Patient 1.) Arterial supply from the descending 
aorta to the sequestered lobe. (AA = anomalous artery; 
DA = descending aorta.) 


left lung (Fig 1). There was rapid drainage from 
this lobe to the left atrium. 

The patient failed to improve after aggressive 
medical management with digitalis and Lasix 
(furosemide) and was therefore referred for 
operative intervention. Through a left lateral 
thoracotomy, the abnormal vessel was ligated 
and then was suture transfixed. Although some 
telangiectasia was noted on the anterior surface 
of the abnormal lung segment, it was not well 
demarcated from the rest of the lobe. Following 
ligation of the abnormal artery, this segment 
remained pink and the entire left lung inflated 
and deflated normally. It was, therefore, not 
removed. 

The patient’s postoperative course was un- 
complicated. No murmurs were heard, and the 
peripheral pulses returned to normal. The con- 
gestive heart failure resolved completely. She 
was last seen 15 months after operation and was 
entirely asymptomatic and receiving no medi- 
cations. 





No5 November 1982 


Patient 2 
A female infant was born following a nor- 
mal pregnancy and delivery to a 44-year-old 
mother (gravida IV-para 3-000001). Birth weight 
was 3,480 gm, and Apgar scores were 9 and 10 
at 1 and 5 minutes, respectively. At 11 days of 
age, she was admitted to Long Island Jewish- 
Hillside Medical Center because of rapidly 
progressive respiratory distress. On physical 
examination, respiration was labored at a rate 
of 90 breaths per minute. Heart rate was 188 
beats per minute, and blood pressure was 80/35 
mm Hg. The peripheral pulses were increased 
in all extremities. Auscultation of the heart re- 
vealed a loud pulmonary closure sound and no 
murmurs. The lung fields were clear. The liver 
was palpable 3 cm below the right costal mar- 
gin. A chest roentgenogram revealed moderate 
cardiomegaly, increased pulmonary vascular- 
ity, and a right lower lobe density. The elec- 
trocardiogram showed an axis of 150 degrees 
and right ventricular hypertrophy. An echo- 
cardiogram demonstrated normal intracardiac 
anatomy. The patient was treated with digoxin 
and Diuril (chlorothiazide) and cardiac cathe- 
terization revealed a small right pulmonary 
artery supplying the right upper and middle 
lobes. The right lower lobe was supplied by 
a large tortuous vessel from the abdominal aorta 
(Fig 2). Angiograms in the main pulmonary 
artery and in the anomalous systemic artery 
opacified the left and subsequently the right 
atrium. There was a large left-to-right shunt 
and a pulmonary-to-systemic flow ratio of 
3.5:1. The right ventricular and pulmonary ar- 
tery pressures were 75% of systemic pressure. 
During the following month, medical man- 
agement was unsuccessful and there was obvi- 
ous clinical deterioration. Therefore, the patient 
was referred for operation. A right postero- 
lateral thoracotomy was performed, and the 
right lung appeared thickened, contracted, and 
lacking in resilience. A large systemic artery as- 
cended through the diaphragm into the right 
lower lobe. The venous drainage from that lobe 
emptied into the left atrium. Because the entire 
right lung appeared diseased, a right pneu- 
monectomy was performed and the abnormal 
systemic vessel and right pulmonary arteries 
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Fig 2. (Patient 2.) Arterial supply from the descending 
aorta to the sequestered lobe. (AA = anomalous artery; 
DA = descending aorta.) 


were doubly ligated and tied. The pulmonary 
veins were divided and ligated, and the right 
bronchus was dissected almost to the carina, 
transected, and closed. 

Postoperatively, congestive heart failure re- 
solved and digoxin was discontinued. The pa- 
tient’s weight increased from 2.9 kg at 1 month 
of age to 4.7 kg at 5 months and 8.3 kg at 13 
months. Follow-up chest roentgenograms re- 
vealed shifting of the heart and mediastinum 
into the right hemithorax with some compen- 
satory emphysema of the left lung and hernia- 
tion of the left upper lobe across the midline. 
No clinical or roentgenographic evidence of 
left-to-right shunt was found. 

Pathological examination of the surgical 
specimen revealed the entire lung to be hemor- 
rhagic, atelectatic, and hypoplastic by weight. 
The sequestered lobe was deeply hemorrhagic, 
and the arteriolar tree showed hypertensive 
changes, including medial hypertrophy and 
endothelial fibrosis. The rest of the lung had 


normal alveoli and bronchioli, but the pulmo- 
nary artery showed hypertensive changes. 


Comment 

Pulmonary sequestration has been classified as 
intralobar and extralobar [1-3]. Intralobar se- 
questrations are contained within the visceral 
pleura of the lung. In 60% of occurrences, they 
are on the left side and usually localized to the 
posterior basal segments, though intralobar se- 
questrations in the upper lobes can also occur 
[4]. The arterial supply is derived from the 
aorta, above or below the diaphragm, and is 
quite large. The venous drainage is usually to 
the left atrium. The airway connection of the 
sequestered lobe with the bronchial tree is usu- 
ally abnormal, consisting of collateral channels 
[5] or connections resulting from infection and 
erosions [1]. Association with other anomalies 
is uncommon [6]. 

Extralobar sequestrations have a separate 
pleural investment. They are on the left side in 
90% of patients, and can be located above or 
below the diaphragm. The arterial supply can 
be from either a systemic or a pulmonary artery, 
and is usually small. In general, the venous 
drainage is into the azygos or portal system. 
Associated abnormalities in this type are com- 
mon and include diaphragmatic hernia and 
gastrointestinal abnormalities [6]. Connections 
with the bronchial tree are rare, and connec- 
tions to the gastrointestinal tract have been re- 
ported [7]. 

Pulmonary sequestration is not a rare abnor- 
mality, and has been found in 1.1 to 1.8% of all 
patients undergoing pulmonary resection [1]. 
Telander and co-workers [7] reported 9 cases 
out of 88,000 pediatric hospital admissions. 
Intralobar are more common than extralobar 
sequestrations, and the ratio in different series 
ranges from 3:1 to 7.5:1 [1, 6]. Extralobar 
sequestrations are found more commonly in 
infancy than intralobar sequestrations. De- 
Paredes and associates [6] reviewed 22 patients 
with extralobar sequestrations, 13 of whom 
were less than 1 year old. In contrast, only 3 of 
56 patients with intralobar sequestration were 
seen at a comparable age. Presenting symptoms 
among the 13 infants with extralobar seques- 
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tration were mainly related to associated ab- 
normalities, such as diaphragmatic hernia, and 
the sequestration was discovered as an inci- 
dental finding. By contrast, most patients with 
intralobar sequestration are seen with a history 
of recurrent infections, fever, cough, chest 
pain, and hemoptysis [1, 6, 8]. 

Congestive heart failure in infancy due to 
pulmonary sequestration in the absence of as- 
sociated cardiovascular abnormalities is very 
rare. A review of the literature revealed only 3 
previously reported cases. Litwin and col- 
leagues [9] described a 3-day-old infant with 
severe congestive heart failure due to intralobar 
sequestration with the arterial supply from the 
ascending aorta. Following lobectomy, the fail- 
ure resolved completely. In a series of 14 pa- 
tients with pulmonary sequestration published 
by White and associates [8], only 1 patient, a 
2-week-old infant, was seen in congestive heart 
failure without associated heart disease. At 10 
weeks of age, this infant underwent a lobec- 
tomy and died five weeks later of acute 
tracheobronchitis. The third case was reported 
by Ranson and co-workers [10]. This patient 
was seen at the age of 6 weeks with respiratory 
distress and congestive heart failure. A lobec- 
tomy performed 5 months later resulted in 
complete resolution of the symptoms. Other 
cases of congestive heart failure and pulmonary 
sequestration have been associated with in- 
tracardiac abnormalities. These included os- 
tium primum atrial septal defect, ventricular 
septal defect, tricuspid atresia, transposition of 
the great arteries, and aortic stenosis [8, 11]. 

The hemodynamics leading to congestive 
heart failure in this anomaly are somewhat un- 
usual [12]. Blood from the systemic artery to the 
sequestered lobe returns through the pulmo- 
nary veins to the left atrium and ventricle, 
causing a volume overload of these chambers. 
This shunt is different from an extracardiac 
left-to-right shunt, such as a systemic arte- 
riovenous fistula where blood returns to the 
right heart. It is also different from a pulmonary 
arteriovenous fistula where desaturated blood 
enters the systemic arterial circulation and re- 
sults in cyanosis. Since the entire volume load 
is carried by the left ventricle, hemodynami- 


cally the situation is similar to patent ductus 
arteriosus. In the latter, however, the shunted 
blood enters the main or the branch pulmonary 
arteries. As with other lesions causing left atrial 
dilatation and hypertension, the foramen ovale 
may become incompetent, resulting in a left- 
to-right shunt at the atrial level and pulmonary 
hypertension. This was seen in Patient 2 and 
also in the patient described by Litwin and as- 
sociates [9]. As would be expected, the shunt 
disappeared following treatment of the under- 
lying cause. 

Physical examination is usually not helpful in 
diagnosis, but a continuous murmur may be 
heard over the back and can provide a clue to 
the correct diagnosis [8, 13, 14]. The chest 
roentgenogram may show a density in the af- 
fected lobe, indistinguishable from pneumonia 
[1, 6, 7, 13]. Infants with congestive heart fail- 
ure, however, frequently have pneumonia or 
atelectasis due to airway compression by hyper- 
tensive pulmonary arteries or a large left atri- 
um [15]. This can be seen in almost any lobe, 
and if it persists, it may be indistinguishable 
from pulmonary sequestration. Only a high 
index of suspicion can lead to the correct diag- 
nosis. 

Although bronchoscopy may provide some 
information, it often is not helpful and arteriog- 
raphy is thought to be the diagnostic procedure 
of choice [1, 11, 15, 16]. Not only can the diag- 
nosis be established with certainty, but the 
arterial supply and venous drainage can be de- 
fined, which are essential for operation. 

Medical management is directed first at con- 
trolling the heart failure and treatment of any 
intercurrent infection. Since infections often 
recur, early excision has been advocated to pre- 
vent secondary changes [10]. This may involve 
total lobectomy [1] or segmental resection when 
possible [6, 8, 10]. Flye and co-workers [11] at- 
tempted ligation of the anomalous artery with- 
out lobectomy in 2 infants with congestive 
heart failure. The first patient, who also had an 
ostium primum defect that was not closed, im- 
proved initially but died 2 months after opera- 
tion. The other patient had ligation of the 
anomalous artery and closure of a ventricular 
septal defect. He died shortly after operation. 
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Patient 1 in the present report is unique in that 
ligation of the abnormal artery alone resulted in 
complete resolution of the problem. 
Pulmonary sequestration must be considered 
in any infant with congestive heart failure who 
has a persistent area of atelectasis or pneu- 
monia on the chest roentgenogram. A murmur 
heard over the posterior or lateral lung field 
may provide an additional clue. The diagnosis 
can be made by cardiac catheterization, and 
special attention must be given to the arterial 
supply and venous drainage of the sequestered 
lobe. Treatment should be individualized; 
in some, ligation of the abnormal artery is suf- 
ficient, while others may require removal of the 
sequestered segment or even pneumonectomy. 
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Neointimal Obstruction of Carpentier-Edwards Valved 
Conduit in Two Patients with Modified Fontan Procedure 


Serafin Y. DeLeon, M.D., Farouk S. Idriss, M.D., Michel N. Ilbawi, M.D., 
Hassan Rastegar, M.D., Alexander J. Muster, M.D., and Milton H. Paul, M.D. 


ABSTRACT In 2 patients (single ventricle and 
dextrotransposition of the great arteries with 
hypoplastic right ventricle) who underwent a mod- 
ified Fontan procedure, significant disruption of the 
tricuspid patch developed. The valved conduits re- 
mained patent until reoperation at two and six 
months, respectively. 

At the time of reclosure of the tricuspid patch, un- 
avoidable manipulation of the conduits from dissec- 
tion of adhesions led to detachment and collapse of 
the neointima, thereby producing complete obstruc- 
tion of the conduit. The problem was detected im- 
mediately in the first patient and prompted clearance 
of the conduit of the collapsed neointima. In the sec- 
ond patient, the diagnosis was made six months later 
and conduit replacement was required. Both patients 
did well following reoperation. 

We suggest that in patients with woven valved 
conduits inserted for a Fontan procedure who re- 
quire reoperation and extensive manipulation of the 
conduit, removal of the neointima or conduit re- 
placement should be considered. 


Since application of the Fontan-type operation 
for tricuspid atresia [1-5] was broadened to in- 
clude other complex lesions [6-8], a large 
number of complications requiring additional 
operation (complete heart block, residual 
shunts, conduit stenosis, or disruption of the 
patch used for tricuspid valve closure) have 
been reported [2, 4, 6]. Recently, we encoun- 
tered another major complication: complete oc- 
clusion of the conduit in 2 patients following a 
modified Fontan procedure (closure of a tricus- 
pid orifice and atriopulmonary conduit). Mair 


From the Divisions of Cardiovascular-Thoracic Surgery and 
Cardiology, The Children’s Memorial Hospital, and the 
Department of Surgery, Northwestern University Medical 
School, Chicago, IL 


Accepted for publication Oct 30, 1981. 


Address reprint requests to Dr. DeLeon, Division of 
Cardiovascular-Thoracic Surgery, Children’s Memorial 
Hospital, 2300 Children’s Plaza, Chicago, IL 60614. 


586 


and colleagues [9] reported another instance of 
graft occlusion after a Fontan operation, which 
occurred in a child who suffered from severe 
dehydration. The mechanism of occlusion in 
our patients, however, is different and will be 
presented along with suggestions for preven- 
tion and management of the problem. 


Patient 1 

A 22-year-old man with a single ventricle (dex- 
tro (D)-loop heart), normally related great arter- 
ies (Holmes heart), and severe subpulmonary 
stenosis underwent a modified Fontan proce- 
dure consisting of Dacron patch closure of the 
tricuspid orifice and insertion of a 25 mm 
Carpentier-Edwards valved conduit between 
the right atrium and main pulmonary artery. 
He had a well-functioning Glenn shunt, which 
had been constructed 12 years previously. In 
addition, he had a left Blalock-Taussig shunt 
and an aorta—main pulmonary artery shunt 
(side-to-side), both of which were taken down 
at the time of intracardiac repair. The patient 
did well postoperatively, except for pleural ef- 
fusion and ascites controlled with furosemide 
and spironolactone (Aldactone). 

Two months after the Fontan procedure, the 
patient was readmitted because of cyanosis and 
decreased exercise tolerance. Cardiac catheteri- 
zation revealed a substantial disruption of the 
tricuspid valve patch, tricuspid regurgitation, 
right atrial to right ventricular flow, and aortic 
oxygen saturation of 82%. Angiography dem- 
onstrated that the conduit was patent. At reop- 
eration, following lysis of extensive pericardial 
adhesions and unavoidable manipulation, a 
mass was palpated within the conduit. The pa- 
tient was placed on cardiopulmonary bypass, 
and the suture line holding the tricuspid patch 
was found to be disrupted around 50% of its 
circumference. The tricuspid orifice was re- 
patched. The conduit was opened transversely, 
distal to the porcine valve, and a thick neointi- 
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mal tube was found detached from the conduit 
wall, collapsed, and obstructing the lumen. The 
conduit was completely cleared of the loose 
neointima extending from the atrium to the 
pulmonary artery. The patient did well and was 
asymptomatic fourteen months postoperatively. 


Patient 2 

A 16-year-old boy with p-transposition of the 
great arteries, large ventricular septal defect, 
straddling tricuspid valve, and hypoplastic 
right ventricle was initially palliated with pul- 
monary artery banding when he was 4 months 
old and subsequently had an operation for a 
Glenn shunt when 9 years old. A modified 
Fontan procedure was performed when he was 
16 years old. The Dacron patch for closure of the 
tricuspid orifice was placed craniad to the coro- 
nary sinus [6], and a 25 mm Carpentier- 
Edwards valved conduit was placed between 
the right atrium and the main pulmonary ar- 
tery. The patient did reasonably well post- 
operatively except for ascites and leg edema 
controlled with furosemide and spironolactone 
(Aldactone). 

Three months following the Fontan opera- 
tion, the patient was readmitted for observation 
because of progressive cyanosis and weakness. 
However, for three additional months, he re- 
peatedly refused cardiac catheterization until 
the cyanosis became quite severe and exercise 
tolerance markedly reduced. Catheterization 
revealed a substantial disruption of the tricus- 
pid patch and an aortic oxygen saturation of 
77%. The conduit, however, was completely 
patent (Fig 1). 

At reoperation, approximately 50% disrup- 
tion of the tricuspid valve patch was found on 
the posterolateral side of the suture line. The 
defect was repaired with an additional patch of 
Dacron. The patient improved and was dis- 
charged on a regimen of furosemide and Al- 
dactone because of ascites and leg edema 
postoperatively. 

Two months after the tricuspid patch repair, 
the patient was readmitted because of sudden 
onset speech, ataxia, lethargy, 
nausea, and vomiting. There was moderately 
severe cyanosis and ascites, and the chest 
roentgenogram showed bilateral pleural effu- 


of slurred 
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Fig 1. (A) Right atrial injection showing patency of 
valved conduit (VC) and left pulmonary artery (PA). 
(B) Ventricular (V) injection showing tricuspid patch 
disruption with regurgitation (arrows) to the right 
atrium (RA). 


sion. The patient refused thoracentesis and 
chest tube insertion, and slowly improved with 
fluid restriction and intravenously adminis- 
tered diuretics. He finally consented to re- 
catheterization six months after reclosure of the 
tricuspid valve and after repeated hospitaliza- 
tion for lethargy, nausea, vomiting, and weak- 
ness. Catheterization revealed complete occlu- 
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Fig 2. Right atrial (RA) injection showing occlusion (ar- 
rows) of valved conduit. 





Fig 3. The opened valved conduit during operation. 
Multiple arrows indicate the detached and collapsed 
neointima. Single arrow indicates the lumen and direc- 
tion of blood flow. 


sion of the conduit (Fig 2). The flow of the 
inferior vena cava passed to the Glenn shunt 
and right lung through retroperitoneal venous 
collaterals. 

At reoperation, the conduit was found to be 
completely occluded by a collapsed neointimal 
tube, and the distal pulmonary artery was pat- 
ent (Fig 3). The conduit was replaced. The 


postoperative improvement was remarkable 
with complete disappearance of slurred speech, 
ataxia, and dizziness on walking. A radionu- 
clide scan, two weeks later, revealed good flow 
to the left lung. Six months postoperatively, the 
patient was employed and doing well. Thirteen 
months following replacement of the valved 
conduit, the patient had to have a permanent 
pacemaker inserted for sick sinus syndrome, 
and physical activities were limited because of 
myocardial dysfunction. 


Comment 

Complete conduit occlusion following a Fontan 
operation is a life-threatening complication 
that Mair and colleagues [9] were among the 
first to report. The thrombosis in their patient 
was probably due to severe dehydration from 
gastroenteritis. Partial pulmonary blood flow 
was maintained through a Glenn shunt. The 
conduit was successfully replaced four months 
later. 

In our 2 patients, detachment and collapse of 
the neointima was probably the result of exten- 
sive intraoperative handling of the conduit at 
the time of reclosure of the detached tricuspid 
patch. In Patient 1, the diagnosis was made 
immediately when a mass was felt inside the 
conduit. In Patient 2, the neointimal lining 
probably collapsed intraoperatively from ma- 
nipulation, but complete occlusion did not occur 
until two months later and resulted in slurred 
speech, ataxia, and other symptoms of low car- 
diac output. Obstruction was diagnosed by car- 
diac catheterization. Since most patients who 
undergo the Fontan procedure require a period 
of intensive diuretic and Aldosterone antag- 
onist therapy [3, 6], it is difficult to exclude 
the secondary role of dehydration in our Patient 
2, as occurred in the patient of Mair and col- 
leagues [9]. The intraoperative findings, how- 
ever, clearly demonstrated a collapsed neointi- 
mal tube (see Fig 3) rather than thrombosis. It is 
possible that in our patient, the decreased 
blood flow through the conduit resulting from 
the disruption of the tricuspid valve patch, was 
a predisposing factor to the occlusion. We also 
have experienced intraoperative neointimal 
disruption from manipulation during dissec- 


589 Case Report: DeLeon et al: Obstruction of Carpentier-Edwards Valve after Fontan Procedure 


tion in a third patient who was being reoper- 
ated on several years following pseudotruncus 
repair to replace an outgrown conduit with a 
larger size. In this patient, the pulmonary blood 
flow was normal. 

A tightly woven graft may be an underlying 
factor in this complication, since the neointima 
does not attach well to the wall [10]. This con- 
dition predisposes to detachment of the neoin- 
tima and its collapse due to manipulation or 
possibly blunt chest trauma. The technique 
recommended by Björk and co-workers [11] 
(using pericardium between the right atrium 
and hypoplastic right ventricle) and Kreutzer 
and colleagues [12] (anastomosis of the main 
pulmonary artery with the pulmonary valve to 
the right atrial appendage) will minimize the 
occurrence of this complication. Direct anas- 
tomosis of the right atrial appendage to the 
main pulmonary artery with or without a por- 
cine valve will have a similar advantage [6, 13]. 
However, these techniques are applicable only 
in selected instances. The use of knitted con- 
duits and homografts may also become viable 
alternatives [7]. 

Based on our experience, we recommend that 
in patients who undergo a Fontan procedure 
using a woven Dacron conduit and require 
reoperation for reasons unrelated to the conduit 
itself, such as tricuspid valve disruption or re- 
sidual shunts (atrial, ventricular), the conduit 
should either be cleared of neointimal tissue or 
replaced. Also, it should be noted that a well- 
functioning Glenn shunt was lifesaving, both 
in our Patient 2 and the patient reported by 
Mair and colleagues [9]. 


Supported in part by a grant from the A. C. 
Buehler Foundation. 
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Successful Rastelli Operation in Infant with 
Complete Transposition of Great Arteries, Levoposition 
of Aorta, and Subaortic Ventricular Septal Defect 


Hikaru Matsuda, M.D., Joong Woong Kang, M.D., Tetsuo Kido, M.D., 
Shinichiro Miyoshi, M.D., Masato Ikeda, M.D., Yasuo Matsuda, M.D., 


and Toyohiro Izukura, M.D. 


ABSTRACT A 10-month-old infant with complete 
transposition of the great arteries (TGA) {S,D,L} and 
large ventricular septal defect (VSD) without left 
ventricular outflow tract obstruction underwent suc- 
cessful Rastelli operation utilizing a 16 mm Hancock 
graft. The VSD was subaortic, and an internal con- 
duit was placed easily. Postoperative hemodynamic 
conditions were satisfactory, and the patient was do- 
ing well eighteen months after operation. The feasi- 
bility of primary Rastelli operation for TGA and 
VSD in young infants is described. 


Complete transposition of the great arteries 
(TGA) with large ventricular septal defect (VSD) 
continues to be a difficult condition to treat 
surgically. The Mustard operation has potential 
disadvantages as a physiological correction [1]. 
The Jatene procedure of anatomical correction 
still has a high operative mortality [2, 3]. Re- 
cent, better results with conduit repair in small 
infants with truncus arteriosus [4] encouraged 
us to perform the Rastelli operation for a patient 
with TGA and VSD as a primary reparative pro- 
cedure. 


A 10-month-old girl was first noticed to have a 
heart murmur and cyanosis when she was 2 
months old. At 5 months of age, the patient was 
admitted to the Ohtemae Hospital for cardiac 
evaluation. On admission, she was mildly 
cyanotic and tachypneic. A harsh systolic mur- 
mur of grade 4/6 was audible along the left ster- 
nal border. Chest roentgenogram showed car- 
diomegaly with a cardiothoracic ratio of 67%, 
and increased pulmonary blood flow. 
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When the patient was 6 months old, cardiac 
catheterization and angiography revealed com- 
plete TGA with large VSD. The pulmonary ar- 
tery was not entered. Right ventricular pressure 
was at systemic level (Table). Right ventriculo- 
gram showed a left-sided aorta arising from the 
right ventricle, and a subaortic VSD (Fig 1). 
Primary repair was advised and performed on 
October 1, 1980. The patient’s body weight was 
5.5 kes 

A median sternotomy was done, and com- 
plete TGA with levoposition of the aorta was 
confirmed. The patient was placed on car- 
diopulmonary bypass, and myocardial protec- 
tion was achieved by cold cardioplegia and 
topical cooling. A longitudinal right ven- 
triculotomy was made. The VSD was found 
immediately beneath the aortic valve and hada 
12 mm diameter. Its upper border was formed 
by the aortic root. 

It was decided to perform the Rastelli opera- 
tion because it looked as though construction of 
an internal conduit would be easy. The VSD 
was enlarged slightly toward the apex of the 
heart, and closed with a tailored woven Dacron 
graft so as to direct the blood flow from the left 
ventricle to the aorta. Then the pulmonary 
trunk was ligated completely. A 16 mm Han- 
cock graft with a valve was placed between the 
pulmonary artery and the right ventricle. 

The graft was placed on the right side of the 
aorta. The atrial septal defect was closed by su- 
tures. Cardiopulmonary bypass was terminated 
with an adequate systemic pressure, and the 
pressure ratio between the right and left ventri- 
cles was 0.65. Sternal closure after the left pleura 
had been opened wide did not result in 
hemodynamic depressions. 

Although the patient required a moderate 
amount of catecholamines postoperatively, the 
hemodynamic conditions were satisfactory. 
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Preoperative and Postoperative Cardiac Catheterization Data® 














Preop. Postop. 
Pressure Saturation Pressure Saturation 
Site (mm Hg) (%) (mm Hg) (%) 
RA (3) sis (3) 41.2 
RV 86/-8 71.3 42/-6 57.0 
R: 32/8 (17) $ 

P 

S L: 42/10 (22) 55.5 
PCW m (3) 
LA (3) 
LV 90/-10 ud sae oe 
Ao 74/48 (60) 72.8 110/44 (68) 86.6 





“Numbers in parentheses represent a mean. 


RA = right atrium; RV = right ventricle; PA = pulmonary artery; PCW = pulmonary capillary wedge; LA = left atrium; 


LV = left ventricle; Ao = aorta, R = right; L = left. 


Fig 1. Preoperative right ventriculograms in the (A) 
anteroposterior and (B) lateral views. The aorta arises 
from the right ventricle and is located to the left of the 
pulmonary artery. The ventricular septal defect is large 
and subaortic. The pulmonary artery is visualized pos- 
teriorly and is huge in size. 


Postoperative cardiac catheterization per- 
formed fifty days after operation showed a sub- 
stantial decrease in pulmonary artery pressure, 
which was at systemic level at operation (before 
repair). Only a mild pressure gradient between 
the graft and the right pulmonary artery was 
noticed, but no gradient was found at the 
proximal anastomosis (see Table). Right ven- 
triculogram showed a slight degree of compres- 
sion of the graft by the sternum (Fig 2). The pa- 
tient was found to have a small to-and-fro 
murmur postoperatively. Aortography was not 
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Fig 2. Postoperative right ventriculograms in the (A) 
anteroposterior and (B) lateral views. A smooth 
bloodstream from the right ventricle to the pulmonary 
artery through the graft is seen. The ring of the incor- 
porated valve is well away from the sternum. There is 
slight sternal compression of the graft. 


done, but mild aortic incompetence was sus- 
pected. The patient was discharged after this 
study and was doing well eighteen months after 
operation. 


Comment 

The operative mortality of the Mustard opera- 
tion with VSD closure in the first year of life for 
complete dextro-(pD)-TGA associated with a 
large VSD and pulmonary hypertension has 
been as high as 20 to 60% [5-7]. The late post- 
operative complications such as atrial dys- 
rhythmias and right ventricular dysfunction 
have been well recognized, and enthusiasm for 
anatomical correction has become strong. The 
Jatene operation seems to be ideal for anatomi- 
cal repair, but still has a high operative mortal- 
ity [3, 8]. 

The Rastelli operation has been utilized in 
patients with TGA and VSD associated with left 
ventricular outflow tract obstruction or banded 
pulmonary artery [9]. Operative mortality has 
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become low in patients more than 5 years old, 
but remains high in patients who have TGA 
and VSD or who are less than 5 years old [10, 
11]. This anatomically corrective procedure has 
rarely been performed in patients in the first 
year of life.* The Kaye-Stansel operation, another 
anatomical repair with use of an extracardiac 
conduit, has been successfully performed in 
small infants less than 1 year of age by Daniel- 
son [12], Yokota [13], and their associates. 
These reports as well as that of conduit repair in 
infants [4] have indicated the feasibility of ex- 
tracardiac conduit repair in small infants who 
have this combination of cardiac defects. 

A 16 mm Hancock graft was used in our pa- 
tient. This size does not appear to be ade- 
quate when the patient grows, and replacement 
of the graft with a larger size might be required. 
However, the benefits of anatomical correction 
may overcome this disadvantage. A large 
valved conduit seems to compromise the ster- 
nal closure in a small infant. In one patient, 


*Prior to our experience, we learned that Naito and as- 
sociates had successfully performed the Rastelli operation 
as a primary corrective procedure in patients less than 2 
years old with TGA, large VSD, and pulmonary hyperten- 
sion (Naito Y, Fujita T, Tomino T, et al: Rastelli operation as 
one-stage correction for the infants with transposition of 
the great arteries and ventricular septal defect: report of two 
cases of successful repair; personal communication, 1981). 
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no difficulties were encountered, although 
the graft was placed just behind the sternum, 
crossing the midline. In levoposition of the 
aorta, it appears that the placement of the con- 
duit from the right ventricle to the right of the 
aorta can be performed safely, as indicated by 
Heck and associates [14]. 

The patient reported here had levoposition 
of the aorta with p-TGA {S,D,L}. The VSD 
was immediately below the aorta, and there 
was no muscular border between the de- 
fect and the aortic root. The internal conduit 
was easier to construct than in regular TGA of 
{S,D,D}. Lincoln and associates [15] reported 
the cases of 6 patients with this uncommon 
variant of p-TGA with levoposition of the aorta 
in whom the Mustard repair was performed. 
Three of 4 patients with VSD had the same 
subaortic defect as our patient, and the feasi- 
bility of the Rastelli operation was described. 

From our experience, the Rastelli operation 
appears to be applicable to small children with 
TGA and VSD, even those in the first year of 
life, unless the position of the VSD is inappro- 
priate for an internal conduit. However, the 
justification for using an early Rastelli opera- 
tion in this subgroup of patients with TGA 
must be explored in the future. 
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CORRESPONDENCE 


Correction of Complete Endocardial 
Cushion Defect 
To the Editor: 


The article by Moreno-Cabral and associates entitled 
“Double-Patch Technique for Correction of Com- 
plete Atrioventricular Canal” (Ann Thorac Surg 
33:88, 1982) poses a number of important questions 
concerning the necessity of detachment and division 
of the septal leaflets. 

We have performed correction of complete atrio- 
‘ventricular canal in the following manner. The 
common atrioventricular valves are held between the 
two patches used for closure of the ventricular septal 
defect (VSD) and the ostium primum defect, without 
detaching or dividing the atrioventricular leaflets. 
Interrupted 4-0 mattress sutures are placed along the 
rim of the VSD on the right ventricular side, and then 
passed through the edge of the Dacron patch used for 
closure of the VSD. These interrupted sutures are 
held individually with small clamps. 

Other interrupted mattress sutures are placed 
along the upper rim of the Dacron patch, and are also 
passed through the common atrioventricular leaflets 
from the ventricular side to the atrial side. The same 
sutures are passed through the edge of the pericar- 
dial patch for atrial septal defect (ASD). The Dacron 
patch is lowered into position on the right ventricu- 
lar side of the defect under the common atrioven- 
tricular leaflets, and the pericardial patch is placed on 
these leaflets. All sutures are tied to close the VSD. 

Finally, the pericardial patch is sewn to the rim of 
the ASD using running sutures (Figure). Any sutures 
holding common leaflets between the two patches 
are placed so as to make the new mitral valve five 








Pericard Patch 


Dacron Patch 
for VSD 


The common atrioventricular valves are held between 
the two patches used for closure of the ventricular sep- 
tal defect (VSD) and the ostium primum defect, without 
detaching the atrioventricular leaflets. The dotted line 
shows the suturing line for holding the common leaflets. 
(ASD = atrial septal defect.) 


ROA 


times wider than the new tricuspid valve. The cleft of 
the newly made mitral valve is approximated with 
two or three stitches. 

We believe that an excellent operative field might 
be obtained through a right atriotomy, without 
detachment and division of the common atrioventric- 
ular leaflets. This procedure would permit the appli- 
cation of meticulous surgical techniques using potas- 
sium cardioplegia and profound topical cooling. By 
avoiding division of the leaflets, the number of su- 
tures holding the common leaflets might be reduced 
to seven or eight stitches, and the area of these im- 
portant leaflets might not be decreased. 

Eight patients underwent primary intracardiac re- 
pair of endocardial cushion defect using this method; 
six survived. Postoperative cardiac studies performed 
on four of these six survivors more than one year 
after the operation showed that the pulmonary 
artery/systemic artery pressure (Pp/Ps) ratio had de- 
creased to normal limits, and there was little indica- 
tion of left-to-right shunt or mitral valve incompe- 
tence. 


Hiroji Imamura, M.D. 
Shigeyuki Takeuchi, M.D. 


Department of Surgery 

School of Medicine 

Keio University 

35 Shinanomachi, Shinjuku-ku 
Tokyo 160, Japan 
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Atrial Pacing 
To the Editor: 


I read with interest the article by Dr. Bognolo and 
associates, “Institution of Physiological Pacing 
Utilizing Preexisting Hardware” (Ann Thorac Surg 
33:179, 1982). The concept they propose in this 
article—making maximum use of existing hardware 
in constructing physiological pacing systems—is 
sound. However, one of the applications described is 
not to be recommended without specific qualifica- 
tions, and that is the use of a ventricular pulse 
generator to pace the atrium. 

The requirements for atrial pacing are different 
from those for ventricular pacing. An atrial pulse 
generator must have much greater sensitivity than is 
commonly required for pacing the ventricle. It must 
also have a longer refractory period—400 msec rather 
than the 300 or 325 msec period used to pace the 
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ventricle—to screen out the R-waves in the atrium. 
This is particularly important in the unipolar mode 
but may not be so important in the bipolar mode; 
far-field signals, such as those of the QRS complex, 
appear much smaller with a bipolar lead because of 
the smaller antenna area. Finally, the pulse generator 
used to pace the atrium should at least have the op- 
tion of triggered mode programmability. This feature 
allows for external overdrive in the postoperative pe- 
riod to check for the development of possible atrio- 
ventricular conduction disturbances after inser- 
tion of an atrial pacing system. Tripolar conversion to 
permit the use of the bipolar bifocal atrioventricular 
sequential system is certainly valid, and has been 
used successfully by others. 


Nicholas P. D. Smyth, M.D. 


Physicians Office Bldg, Suite 220 
106 Irving St, NW 
Washington, DC 20010 


Reply 
To the Editor: 


Dr. Smyth’s comments on our paper are greatly ap- 
preciated. We agree with him that the use of a non- 
programmable unipolar ventricular pulse generator 
in the atrial position should be limited to patients 
with specific clinical characteristics. It must be em- 
phasized, however, that with the increasing use of 
multiprogrammable ventricular pulse generators, 


conversion from ventricular to atrial pacing will be 
made possible by increasing the refractory period 
and changing the sensitivity to a greater value. 


Diego A. Bognolo, M.D. 


13550 N. 31st St, Suite 220 
Tampa, FL 33612 


Intrauterine Surgery 
To the Editor: 


The laudable and fascinating paper entitled “In- 
trauterine Cardiothoracic Surgery: The Fetal Lamb 
Model” by Turley and colleagues (Ann Thorac Surg 
34:422, 1982) provides further proof that intrauterine 
surgery is a reality. It also raises an ethical dilemma: 
How do we physicians reconcile the contradiction 
between using life-preserving technology for some 
unborn children, while permitting the life-taking 
practice of abortion for others? The only consistent 
approach demands the humane application of our 
healing art to all our patients, born and unborn. 


William V. Dolan, O.F.M., M.D. 
(Order of Friars Minor) 


Convento São Francisco 
Av São Sebastião 517 
Caixa Postal 191 
68.109-—-Santarém—Para 
Brazil 
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F. Griffith Pearson, Toronto, Ont, Canada 


11:10 Compromised Pulmonary Function 
Jean Deslauriers, Ste-Foy, PQ, Canada 


11:20 How Would You Manage This Patient? 
J. Kent Trinkle, San Antonio, TX 


12:00~1:30 Luncheon 


1:30-5:00 Afternoon Session 


1:30 III. Management of Congenital Heart Disease 
Paul A. Ebert, San Francisco, CA : 


IV. Reoperation 
Moderator: Eric D. Foster, Albany, NY 


2:15 Coarctation of Aorta 
Eric D. Foster, Albany, NY 


* By invitation. 
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2:35 


2:55 


3:15-3:35 
3:35 


3:40 


3:55 


4:10 


4:25 


4:40 


Coronary Arterial Disease 
Delos M. Cosgrove, II, Cleveland, OH 


Prosthetic Valves 
Donald J. Magilligan, Jr., Detroit, MI 


Coffee Break 


V. Surgery of the Early Complications of Acute Myocardial Infarction 
Moderator: L. Henry Edmunds, Jr., Philadelphia, PA 


Recurrent Angina 
D. Craig Miller, Palo Alto, CA 


Cardiogenic Shock 
Joseph N. Cunningham, Jr, Brooklyn, NY 


Ventricular Arrhythmias 
Alden H. Harken, Philadelphia, PA 


‘Postinfarction Mitral Insufficiency 


L. Henry Edmunds, Jr., Philadelphia, PA 


Postinfarction Ventricular Septal Defect 
Willard M. Daggett, Boston, MA 


This program is sponsored by the Committee on Postgraduate Education of The Soci- 
ety of Thoracic Surgeons in concert with the Nineteenth Annual Meeting. 


Registration ($45 fee includes luncheon) is open to all thoracic surgeons and resi- 
dents. Details regarding registration will be mailed to members; others should write 
to the Secretary, W. Gerald Rainer, M.D., The Society of Thoracic Surgeons, 111 E 


Wacker Dr, Chicago, IL 60601. 


This program is authorized for eight hours of Category I CME credit. 


8:00 
8:15-12:00 


1:30-5:00 
8. 


13. 


PROGRAM 
FOR THE NINETEENTH ANNUAL MEETING 
OF THE SOCIETY OF THORACIC SURGEONS 


January 17-19, 1983 
San Francisco Hilton Hotel, San Francisco’ CA 


January 17, 1983 (Monday) 
Morning 


Business Meeting 
Scientific Session 


Tribute to Paul C. Samson (first President of the Society) 
Robert G. Ellison and David J. Dugan 


Enhanced Late Survival following Coronary Artery Bypass Surgery for Unstable 


versus Chronic Angina 
Albert Starr, Gary Grunkemeier, David Nunley, Carlos Garcia, Imanta Freimanis, 
and Adnan Cobanoglu, Portland, OR 


Trends in Selection and Results of Coronary Ariery Reoperations 
Floyd D. Loop, Bruce W. Lytle, Carl C. Gill, Leonard A. R. Golding, Delos M. Cosgrove, III, 
and Paul C. Taylor, Cleveland, OH 


Percutaneous Transluminal Coronary Angioplasty to Avoid Reoperative Coronary 


Bypass Surgery 
Ellis L. Jones, John §. Douglas, Andreas R. Grtintzig, Joe M. Craver, Spencer B. King, 
and Charles R, Hatcher, Jr., Atlanta, GA 


Intracardiac Surgery in Pregnant Women 
Ronald M. Becker, Bronx, NY 


The Treatment of Malignant Ventricular Tachyarrhythmias with Combined 


Endocardial Resection and Implantation of Automatic Defibrillator 
Levi Watkins, Jr., M. Mirowski, Philip R. Reid, Morton Mower, Edward V. Platia, 
and Lawrence S. C. Griffith, Baltimore, MD 


Combined Approach to Dumbbell Intrathoracic and Intraspinal Neurogenic Tumors 
Hermes C. Grillo, J. Gordon Scannell, Robert G. Ojemann, and Nicholas T. Zervas, Boston, MA 


Repeat Mediastinoscopy 
Ralph J. Lewis, Glen E. Sisler, and James W. Mackenzie, New Brunswick, NJ 


Afternoon 
Scientific Session 


Colon Replacement of the Esophagus for Congenital and Benign Disease: 


A 27-Year Experience 
William E. Neville and Ahmad Z. Najem, Newark, NJ 


Extended Follow-up of Colon Interposition in Childhood: Functional Results and 


Long-term Growth 
James P. Kelly, Gary D. Schackelford, and Charles L. Roger, St. Louis, MO 


A Simplified Method for Diagnostic Esophageal pH Monitoring 


Louise Choiniere, Riivo Ilves, Linda Miller, and Joel D. Cooper, Toronto, Ont, Canada 


Stapled, Uncut Gastroplasty for Hiatal Hernia: 11-Year Follow-up 
Nicholas J]. Demos, Short Hills, NJ 


Results of the Senning Operation and Ventricular Septal Defect Closure for 


Transposition of the Great Arteries in Infancy 
Patricia A. Penkoske, G. Richard Westerman, Marlene Rabinovitch, William I. Norwood, 
and Aldo R. Castaneda, Boston, MA 


Total Anomalous Pulmonary Venous Connection 
John A. Hawkins, Edward B. Clark, and Donald B. Doty, Iowa City, IA 


KAR 
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14. Interruption of the Aortic Arch: Experience in Seventeen Infants 
Burt N. Fowler, Scott K. Lucas, Jerry D. Razook, Webb M. Thompson, Jr., and Ronald C. Elkins, 
Oklahoma City, OK 


15. Surgical Management of Pulmonary Atresia with Intact Ventricular Septum 


(Hypoplastic Right Ventricle) 
Clarence S. Weldon, Alexis F. Hartmann, Jr., and Robert C. McKnight, St. Louis, MO 


16. Pulmonary Valve Replacement for Regurgitation after Repair of Tetralogy of Fallot 
Gregory A. Misbach, Kevin Turley, and Paul A. Ebert, San Francisco, CA 


5:00-7:00 Basic Statistical Methods: A Postgraduate Workshop 
Stanton A. Glantz, San Francisco, CA 


Evening 
8:00-10:00 Surgical Motion Pictures 
Moderator: Herbert E. Warden, Morgantown, WV 


1. Treatment of Aneurysms of the Transverse Aortic Arch: Curent Concepts 
E. Stanley Crawford and Donald M. Snyder, Houston, TX 


2. Decortication after 50 Years 
Jean Deslauriers, Ste-Foy, Que, Canada 


3. Resection of Giant Cell Tumor Involving the Clavicle and Chest Wall 
Geoffrey M. Graeber, Washington, DC 


4. Left Atrial Myxoma: Excision Using Superior Approach 
Jack J. Sternlieb, Rancho Mirage, CA 


5. Radical Resection of Mediastinal Teratoma Invading the Heart 
John W. Brown, Indianapolis, IN 


6. En Bloc Resection of a Superior Sulcus Tumour 
Robert J. Ginsberg, Toronto, Ont, Canada 


7. Left Upper Lobe Sleeve Lobectomy for Bronchogenic Carcinoma 
John Natale and L. Penfield Faber, Chicago, IL 


8. Transaortic Mitral Valve Replacement and Composite Graft Replacement of the 


Aortic Root 
H. K. Helseth, Minneapolis, MN 


9. Large Ventricular Aneurysm Repair 
W. S. Stoney, W. C. Alford, Jr., G. R. Burrus, D. M. Glassford, Jr., M. R. Petracek, 
and C, S. Thomas, Jr., Nashville, TN 


January 18, 1983 (Tuesday) 
Morning 


7:00-8:00 Breakfast Sessions—Problem Case Presentations 
(see pp 602-603 for program) 
8:15-11:30 Scientific Session 
17. Bronchogenic Carcinoma in Patients Younger than 40 Years of Age 
_; John H. Pemberton, James C. Gilmore, David M. Nagorney, William F. Taylor, and Philip E. Bernatz, 
Rochester, MN 


18. Results of Sleeve Lobectomy for Bronchogenic Carcinoma in 101 Patients 
L. Penfield Faber, Robert J. Jensik, and C. Frederick Kittle, Chicago, IL 


19. Neonatal Pneumopericardium: A Surgical Emergency 
Robert W. Emery and Theodore R. Thompson, Boston, MA 


20. Transfer Factor in the Treatment of Carcinoma of the Lung 
M. M. Kirsh, M. B. Orringer, E. S. McAuliffe, M. Schork, and J. Silva, Ann Arbor, MI 


i 
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21. 


22; 


23. 


11:30-12:00 


1:30—1:40 


1:40-3:00 
24. 


25. 


26. 


27. 


28. 


29. 


30. 


31. 


32. 


3:30-5:00 


7:30 


Alternative Cardioplegic Techniques 
Richard D. Weisel, Fredrick Hoy, Ronald J. Baird, Joan Ivanov, Robert J. Burns, Mindy Madonik, 
and Peter R. McLaughlin, Toronto, Ont, Canada 


Nifedipine Cardioplegia Experience: Results of a Two-Year Cooperative Clinical 


Study 
Richard E. Clark, St. Louis, MO, and George J. Magovern, Pittsburgh, PA 


Persistent Atrial Activity during Cardioplegic Arrest: A Possible Factor in the 


Etiology of Postoperative Supraventricular achari nimias 
C. I. Tchervenkov, J. E. Wynands, J. F. Symes, I. D. Malcolm, A. R. C. Dobell, and J. E. Morin, 
Montreal, Que, Canada 


Presidential Address 
Hassan Najafi 


Afternoon 


Introduction of Dr. Marlene Haffner, Associate Director for Health Affairs, Bureau of 
Medical Devices, FDA, by W. Gerald Rainer 


Forum Session 


Circular Esophageal Myotomy in the Rhesus Monkey: Anatomical and Physiological 


Effects 
John R. Hankins, Herbert Ormsbee, and Joseph S. McLaughlin, Baltimore, MD 


The Use of Serum Albumin for Further Classification of Stage III Non-Oat Cell Lung 


Cancer 
Phyllis Fatzinger, Tom R. DeMeester, Haire Darakjian, Clemente Iascone, Harvey M. Golomb, 
and Alex G. Little, Chicago, IL 


Use of Computerized Tomography to Assess Mediastinal Complications after 


Median Sternotomy 
H. Kay, L. Goodman, S. Teplick, and E. Mundth, Philadelphia, PA 


Poland’s Syndrome: Improved Surgical Management 
Harold C. Urschel, Jr., H. Steve Byrd, Sushil M. Sephai, and Maruf A. Razzuk, Dallas, TX 


Hydroxyethyl Starch versus Albumin in Cardiopulmonary Bypass Prime Solutions 
Craig R. Saunders, Louis Carlisle, and Rodger L. Bick, Bakersfield, CA 


Experimental and Clinical Assessment of the Adequacy of Partial Bypass in 


Maintenance of Spinal Cord Blood Flow during Operations on the Thoracic Aorta 
John C. Laschinger, Joseph N. Cunningham, Jr., Ira M. Nathan, Edmond A. Knopp, 
Matthew M. Cooper, and Frank C. Spencer, New York, NY 


Surgical Correction of the Wolff-Parkinson-White Syndrome: A New. Closed-Heart 
Technique 

Gerard M. Guiraudon, George J. Klein, Sajad Gulamhusein, Douglas L. Jones, Raymond Yee, 

D. G. Perkins, and Eileen Jarvis, London, Ont, Canada 

Myocardial Depression by Anesthetic Agents: Quantitation Based on 
Pressure/Dimension Analyses 

P. VanTrigt, T. Spray, C. Christian, L. Fagraeus, M. Pasque. and A. Wechsler, Durham, NC 
Hemodynamic Effects of Calcium Chloride following Cardiopulmonary Bypass: 


Response to Bolus Injection and Continuous Infusion 
Nadiv Shapira, Hartzel V. Schaff, Roger D. White, and James R. Pluth, Rochester, MN 


Business Meeting (members only) 


Evening 
Members’ Reception (Members and Guests) 
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7:00-8:00 


8:30-12:00 
33. 


34. 


35. 


36. 


37. 


38. 


39. 


40. 


41. 


January 19, 1983 (Wednesday) 
Morning 


Breakfast Sessions—Clinical Workshops 
(see p 604 for program) 


Scientific Session 


Thoracic Surgical Problems in Asbestos-Related Disease 
Edward A. Gaensler, Theresa C. McLoud, Gary R. Epler, and Charles B. Carrington, Boston, MA 


Survival following Aggressive Resection of Pulmonary Metastases from Osteogenic 


Sarcoma: Analysis of Prognostic Factors 
Joe B. Putnam, Jr., Jack A. Roth, Michael R. Johnston, Margaret N, Wesley, and Steven A. Rosenberg, 
Bethesda, MD 


Intraaortic Balloon Pump Morbidity: A Comparative Analysis of Risk Factors 


between Percutaneous and Surgical Techniques 
D. M. Shahian, W. B. Neptune, F. H. Ellis, Jr., and P. R. Maggs, Boston, MA 


Delayed Infections of Thoracic Aortic Prostheses 
W. Clark Hargrove, III, and L. Henry Edmunds, Jr., Philadelphia, PA 


Coronary Artery Bypass Surgery following Thrombolytic Therapy for Acute Coronary 


Thrombosis 

James M. Wilson, John S. Held, Creighton B. Wright, Charles W. Abbottsmith, and John B. Flege, Jr., 
Cincinnati, OH 

Five-Year Experience with the Ionescu-Shiley Bovine Pericardial Valve in the Aortic 
Position 

L. Gonzalez-Lavin, S. Chi, T. C. Blair, J. Y. Jung, A, S. Fabaz, P. M. McFadden, B. Lewis, 

and G. Daughters, Palo Alto, CA 


Late Tears of Porcine Valvular Prostheses in the Adult 
Jose L. Pomar, Xavier Bosch, and Claude M. Grondin, Montreal, Que, Canada 


Optimal Technique for the Insertion of the Björk-Shiley Tilting Disc Valve in the 


Narrow Aortic Ostium 
Christian L. Olin and Vollmer Bomfim, Lund, Sweden 


Aortic Valve Replacement in Adult Patients with Small Aortic Annuli 
Tirone E. David and David E. Uden, Toronto, Ont, Canada 
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January 18, 1983 (Tuesday) 
First Breakfast Session* 
Session Committee: Lawrence H. Cohn, Boston, MA, and Lazar J. Greenfield, Richmond, VA 


7:00-8:00 PROBLEM CASE PRESENTATIONS 
(8 Simultaneous Sessions) 


SEMINAR I 
PULMONARY PROBLEMS 
Discussion Leader: James B. D. Mark, Stanford, CA 


1. Management of Mainstem Bronchial Fistula after Pneumonectomy 
Richard P. Anderson, Wei-i Li, and Lon $. Annest, Seattle, WA 


2. Mucoepidermaid Tracheal Adenoma during Pregnancy 
Raymond A. Dieter and Jack Livermore, Glen Ellyn, IL ` 


3. Suspected Metastatic Fibrosarcoma 
Reinold J. Jones and Leslie Moretti, San Francisco, CA 
SEMINAR II 
ESOPHAGEAL PROBLEMS 
Discussion Leader: Mark Burton Orringer, Ann Arbor, MI 


4. Complication of Esophageal Resection: Replacement for Caustic Injury 
John R. Hankins, Baltimore, MD 


5. Giant Hiatal Hernia with Esophageal Stricture 
John M. Kratz and Lucius Hill, Charleston, SC 


6. Multiple Surgical Procedures for Recurrent Achalasia 
Nicholas J. Demos, Short Hills, NJ 
SEMINAR III 
MEDIASTINAL AND TRACHEAL PROBLEMS 
Discussion Leader: Hermes C. Grillo, Boston, MA 


7. Management of Bilateral Intrathoracic Phrenic Nerve Injury 
Michel Ilbawi, Yoo Hahn, Robert Brouillette, Serafin DeLeon, and Farouk Idriss, Chicago, IL 


8. Failure of Endoscopic Laser Treatment for Recurrent Tracheal Stenosis 
James A, Gibbons, San Diego, CA 
9. Life-Threatening Tracheal Obstruction in Infancy Secondary to Primary 
Tuberculosis 
Kenwyn G. Nelson, Irby J. Hurst, Jr., Manuel Rivera, and Michael Green, Tyler, TX 
SEMINAR IV 
GREAT VESSEL PROBLEMS 
Discussion Leader: Henry T. Bahnson, Pittsburgh, PA 


10. Calcified Patent Ductus Arteriosus 
Kenneth M. Begelman and Lynn A. Smaha, Sayre, PA 


11. Recurrent Infection in Ascending Aortic Graft 
Frederick B. Parker, Jr., Edward L. Bove, and Mehdi A. Marvasti, Syracuse, NY 


12. Concomitant Ruptured Cerebral Artery Aneurysm and Coarctation of the Aorta 
Alejandro Aris and Jose M. Caralps, Barcelona, Spain 

SEMINAR V 

CORONARY ARTERY DISEASE 

Discussion Leader: Andrew S. Wechsler, Durham, NC 


13. Postoperative Recurrent Sustained Ventricular Tachycardia 
George L. Hicks, Rochester, NY 


14. Concomitant Coronary and Carotid Disease 
Jean R. Allard, Leonardo A. Berezovsky, Charles H. Klieman, and Jose Spiwak, Lynwood, CA 


*No advance registration. Attendance by ticket only and limited to 35 per seminar. Tickets can be purchased at 
registration desk beginning Sunday, January 16. Price of ticket covers attendance at seminar and continental break- 
fast. 
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15. Concomitant Wolff-Parkinson-White Syndrome and Ischemic Heart Disease 
John M. Moran, Richard F. Kehoe, Jerod M. Loeb, and Lawrence L. Michaelis, Chicago, IL 

SEMINAR VI 

CONGENITAL HEART PROBLEMS 

Discussion Leader: Timothy J. Gardner, Baltimore, MD 

16. Management of the “Swiss Cheese” Septum 
Robert J. Szarnicki, San Francisco, CA 

17, Management of Mitral Stenosis anc Hypoplastic Left Ventricle following 
Successful Palliation as a Neonate 
Anthony L. Moulton, Joel I. Brenner, Janet E. Burns, and Michael A. Berman, Baltimore, MD 


18. Complication of Recurrent Thrombosis of Atriopulmonary (Fontan) Conduit 
Ravi Koopot, Edward B. Diethrich, Ilhan Bahadir, and Robert L. Williams, Phoenix, AZ 

SEMINAR VII 

CARDIAC VALVULAR DISEASE 

Discussion Leader: Benson R. Wilcox, Chapel Hill, NC 


19. Bacterial Endocarditis with Mitral Regurgitation and Mycotic Aneurysms of the 
Abdominal Aorta, the Hepatic Artery, and the Left Subclavian Artery 
George F. Schuchmann, James B. Peake, and George J. Collins, Jr., San Antonio, TX 

20. Saccular Aneurysm of the Atrioventricular Groove following Mitral Valve 


Replacement 
Anthony J. Acinapura, Peter X. Adams, Joseph N. Cunningham, Jr., and Daniel M. Rose, 
New York, NY 


21. Aortic Valvular Insufficiency and Postductal Aortic Coarctation in the Adult 
R. Vijayanagar, Paul F. Eckstein, Diego A. Bognolo, and Diane L. Jeffery, Tampa, FL 

SEMINAR VIII 

MISCELLANEOUS CARDIOVASCULAR PROBLEMS 

Discussion Leader: Joseph S. McLaughlin, Baltimore, MD 


22. Immediate Recurrence of Shunt after Patch Repair of Acute Post-Myocardial 


Infarction Ventricular Septal Defect 
Henry Stefaniszyn, Earl J. Wynnands, Jean Morin, Anthony R. C. Dobell, and Tomas A. Salerno, 
Montreal, Que, Canada 


23. First Rib Fracture with Bronchial and Vascular Ruptures 
Michel Lemieux and Jean Deslauriers, Ste-Foy, Que, Canada 


24, Pericardiectomy for Constrictive Pericarditis 
David R. Salter and Tirone E. David, Toronto, Ont, Canada 
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January 19, 1983 (Wednesday) 
Second Breakfast Session* 
Session Committee: Richard B. McElvein, Birmingham, AL, and Herbert E. Warden, Morgantown, WV 


7:00-8:00 CLINICAL WORKSHOPS 
(8 Simultaneous Sess:ons) 


WORKSHOP I 

SURGICAL MANAGEMENT OF CARDIAC ARRHYTHMIAS 

Alden H. Harken, Philadelphia, PA 

WORKSHOP II 

TRANSPOSITION OF THE GREAT ARTERIES--~-WHICH OPERATION AND WHEN 
Gordon K. Danielson, Jr., Rochester, MN 

WORKSHOP III 

SURGICAL TREATMENT OF VALVULAR ENDOCARDITIS 

Robert B. Karp, Birmingham, AL 

WORKSHOP IV 

NEW APPROACHES IN THE MEDICAL-SURGICAL TREATMENT OF ACUTE MYOCARDIAL 
INFARCTION 

Mortimer Buckley, Boston, MA 

WORKSHOP V 

MANAGEMENT OF MASSIVE HEMOPTYSIS 

Timothy Takaro, Asheville, NC 

WORKSHOP VI 

ESOPHAGEAL PERFORATIONS: DIAGNOSIS AND MANAGEMENT 
Joel Cooper, Toronto, Ont, Canada 

WORKSHOP VII 

LUNG BIOPSY: INDICATIONS AND EXPECTATIONS 

Edward A. Gaensler, Boston, MA 

WORKSHOP VIII 


ABLATIVE SURGERY FOR OBSTRUCTIVE LESIONS OF THE TRACHEOBRONCHIAL TREE 
Bradley M. Rodgers, Charlottesville, VA, and Richard B. McElvein, Birmingham, AL 


*No advance registration. Attendance by ticket only and limited to 35 per seminar. Tickets can be purchased at 
registration desk beginning Sunday, January 16. Price of ticket covers attendance at seminar and continental break- 
fast. 


REVIEW OF RECENT BOOKS 


Cardiology 1981 

Edited by William C. Roberts, M.D., 

Dean T. Mason, M.D., Mary A. Engle, M.D., 
and Lawrence H. Cohn, M.D. 

New York, Yorke Medical Books, 1981 

392 pp, illustrated, $39.50 


Reviewed by Walter S. Henly, M.D. 


This book is purportedly the first in an annual series 
that will summarize important yearly developments 
in cardiology. It contains précis of 452 articles pub- 
lished in 1980 relating to cardiac disease. Each article 
was chosen by the editors in order to introduce new 
concepts in cardiology or to emphasize current useful 
information for doctors and investigators interested 
in heart disease. The editors have carefully selected 
papers considered to represent the best of cardiology 
published in 1980. Thus, the material covered is 
similar to the scope of the Yearbook of Cardiology. 

The credentials of the editors are outstanding. Dr. 
Roberts is Clinical Professor of Pathology and Medi- 
cine at Georgetown University and Chief, Pathology 
Branch, National Heart, Lung, and Blood Institute. 
Dr. Mason is Professor of Medicine and Physiology 
and Chief of Cardiovascular Medicine at the Univer- 
sity of California, Davis. Dr. Engle is Professor of 
Pediatric Cardiology, New York Hospital—-Cornell 
University Medical Center. The lone surgeon is Dr. 
Cohn, Professor of Surgery at Harvard Medical 
School. They have arranged the format in such a way 
as to present disease entities, frequently combining 
similar material under one heading. 

Sections on coronary heart disease and acute 
myocardial infarction comprise the first third of the 
book and are rather thorough. Cardiac arrest and ar- 
rhythmias are discussed in terms of pathogenesis 
and efficacy of management. Hypertension is given 
little note. 

Sections on valvular, myocardial, and congenital 
heart disease make up most of the remainder of the 
book. Surgical principles and advances are strongly 
presented here. A section on drugs for congestive 
heart failure is concise, up-to-date, and helpful. 

Perhaps surgeons will find this book more in- 
teresting than their medical colleagues who naturally 
might delve more into medical details. The book can 
provide a “running fix” for the surgeon, permitting 
him or her to understand better the state of the art of 
cardiology. The reader should bear in mind, how- 
ever, that articles published in 1980 were written 
months previously and do not update to the same 
degree as reading the current literature or hearing the 
work as it is initially presented. References to the ar- 
ticles are complete; however, they do not indicate 
nor do the editors note in the text the parent institu- 
tion in which the research was done. This is an over- 
sight, as some cities have several fine research in- 
stitutions. Institutional credit should be pinpointed. 


The editors are to be commended for their compi- 
lation of important articles, editing and organizing 
them into a pleasing and well-indexed presentation 
of the subject. Cardiology 1982 can be eagerly antici- 
pated. 


Houston, TX 


Perioperative Management in Cardiothoracic 
Surgery 

Edited by Benson B. Roe, M.D. 

Boston, Little, Brown and Company, 1981 

273 pp, illustrated, $25.00 


Reviewed by William E. Neville, M.D. 


This is a succinct but comprehensive, practical 
treatise, specifically designed to brief the experi- 
enced and the neophyte surgeon and the nurses in 
the intensive care unit in the proper management of 
the cardiothoracic surgical patient. The book is high- 
lighted by graphs, charts, photographs, and draw- 
ings. It opens with the preoperative screening and 
preparation of the patient and systematically pro- 
ceeds through the diagnosis and treatment of the 
problems indigenous to this type of surgery. Al- 
though written for the most part by the editor, it is 
sprinkled with selective, relevant topics by several of 
the editor’s knowledgeable confreres at the Univer- 
sity of California School of Medicine in San Fran- 
cisco. These chapters include cardiac arrhythmias, 
hypertension, respiratory care, renal failure, neu- 
rological damage, depression and psychosis, plus a 
fairly lengthy and informative chapter on electrolytes 
and nutrition. The remainder of the book embraces 
intraoperative precautions, myocardial preservation, 
pleural drainage, bleeding, low-output syndrome, 
cardiac pacing, musculoskeletal rehabilitation, an- 
ticoagulation, pulmonary embolism, postcardiotomy 
syndrome, wound sepsis, empyema, and tracheos- 
tomy, all of which are written in the inimitable style 
of the editor. 

The references are well selected and pertinent. The 
subject matter is concise, presented with clarity, and 
covered thoroughly. This is advantageous for the 
cardiothoracic nurse who requires only the funda- 
mentals of diagnosis and treatment. The surgical 
resident who desires in-depth knowledge can ac- 
quire it by perusing the available literature. 

the editor brings to the reader his vast experience 
in the care of cardiothoracic patients, which spans a 
period of 36 years. During this interval, he has par- 
ticipated in, and contributed to, the relatively new 
specialty of cardiac surgery and has witnessed its 
evolution from an embryo to maturity. From one 
who has known Ben Roe for nearly 30 years, I easily 
recognize his particular talent for articulate dialogue 
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and his attention to minute details, which pervade 
the pages. 

The chapters that piqued my interest were those 
that are germane not only to the care of car- 
diothoracic but to general surgical and trauma pa- 
tients as well. These are related to bleeding, low- 
output syndrome, respiratory care, renal failure, and 
electrolytes and nutrition. Even the experienced 
clinician can have his intellect refreshed by occasion- 
ally reviewing these problems. 

A separate chapter, devoted entirely to tracheos- 
tomy, is well worth reading several times by first- 
year and second-year surgical residents. It is unfor- 
tunate that this operation is usually relegated to and 
perfunctorily executed by the lowest member in the 
pyramid, who is usually taught by his immediate 
superior, who has not been well schooled either. 
Subsequently, the tracheostomy is managed with a 
cavalier attitude. Since the majority of books sum- 
marily dispense with this important aspect of patient 
care, it is mandatory to recognize its relevance to 
satisfactory recovery. 

In summary, I was impressed by the book’s style, 
brevity, completeness, and readability. However, it 
does need a separate chapter on the surgical man- 
agement of the neonate and pediatric cardiothoracic 
patient. Perhaps, in a subsequent revision, the au- 
thor will include this age group. This suggestion is 
meant to be helpful and not derogatory. I have only 
the highest accolades for the entire book. 


Newark, NJ 


Congenital Heart Disease in the First 3 Months 
of Life: Medical and Surgical Aspects 

Edited by Lucio Parenzan, M.D., 

Giancarlo Crupi, M.D., and Gerald Graham, M.D. 
Bologna, Italy, Stabilimento Editorial Patron, 1981 
571 pp, illustrated, $25.55 


Reviewed by Leonard Bailey, M.D. 


Those who attended the 7th International Sym- 
posium on congenital heart disease held in Sep- 
tember, 1980, in Bergamo, Italy, may now discard 
their hastily written notes: a complete text of the 
symposium has become available. Drs. Lucio Paren- 
zan, Giancarlo Crupi, and Gerald Graham have ably 
transformed lecture presentations into a well-edited 


book, which is strongly recommended to profession- 
als at any level who are involved in the management 
of neonates and infants with congenital heart dis- 
ease. Surgeons interested in neonatal and infant car- 
diac operations will find this text particularly useful 
in analyzing and improving their own surgical re- 
sults. 

The book has six major sections. Early chapters 
deal with systems analysis of the newborn and 
young infant. Cardiac, pulmonary, renal, neurologi- 
cal, and gastrointestinal systems are evaluated with 
an eye to normal function as well as recognition and 
management of altered states before, during, and 
after cardiac repair. Metabolic, hematological, and 
immunological subsystems are reviewed in consid- 
erable depth, and a long and somewhat speculative 
report on the benefits of prostacyclin during car- 
diopulmonary bypass is included. The section on an- 
esthetic management is pleasantly practical and con- 
cise. 

An abbreviated section on preoperative evaluation 
emphasizes the importance of two-dimensional 
echocardiography, and contains a particularly help- 
ful analysis of cardiac invasive techniques for use in 
infants. Sections 4 and 5 contain an excellent in- 
depth review of the advantages and limitations of 
hypothermic circulatory arrest, hypothermic low- 
flow states, and cardiopulmonary bypass techniques 
during repair of lethal cardiac defects in tiny babies; 
these provocative sections should encourage all 
pediatric cardiac surgeons to review their thinking in 
this area. Section 6 presents information on the 
medical and surgical management of the congenital 
cardiac malformations that are most likely to require 
operation in early infancy. These well-written, rea- 
sonably comprehensive essays are filled with useful 
advice from international medical and surgical 
superstars with proven track records. The reader will 
quickly appreciate both the good and the bad news 
about cardiac surgery in the first months of life. At 
the very least, his or her imagination and curiosity 
will be stimulated. 

The book is highly recommended for its strengths 
of organization, honesty, pragmatism, illustration, 
and intellectual stimulation. There is, however, a 
minor editorial faux pas: three essays written in 
beautiful Italian appear in the middle of a text other- 
wise entirely in English. 


` Loma Linda, CA 
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Original manuscripts on thoracic, cardiac, and peripheral vascular surgery will be considered for 
publication in The Annals of Thoracic Surgery with the understanding that they are being submitted 
only to this journal. Transfer of copyright to The Society of Thoracic Surgeons is a condition of 
publication; a form for this purpose usually appears elsewhere in the issue (see contents). Send 
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Ingalls, Box 050, University Hospital, Ann Arbor, MI 48109. 
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contributions. Unsigned letters cannot be published. 


(The Annals will consider manuscripts prepared according to the “Uniform Requirements 
for Manuscripts Submitted to Biomedical Journals.”) Type entire manuscript double-spaced on 
standard-sized paper. using standard margins. Number pages consecutively in this order: title 
page, abstract, text, references, tables, legends. Place author’s name and page number in the upper 
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tive review. Abstracts for case reports, notes, classics, and “how to do it” articles may be shorter. 


Page Charges. Original articles exceeding a maximum of 9 printed pages are subject to an overage 
charge of $135 per page. There are apprcximately 700 words on one printed page of The Annals. A 
standard elite type, double-spaced typewritten page with 12” margins all around contains about 
250 words. Therefore, to stay within the maximum limit, manuscripts should contain no more than 
25 typed pages, including references, and proportionally less if figures and tables are included. 


Title Page. Give the paper a brief title. On page 1 of the manuscript give names of all authors, 
highest degree, institutional affiliations (limit to two), and location. If the paper has been presented 
at a scientific meeting, provide a footnote giving name of meeting, date, and location. Provide 
address for mailing proofs and indicate to whom reprint requests should be sent. 


Text. Provide succinct internal headings to clarify the paper's organization. Type footnotes on the 
manuscript page where cited. Cite tables and illustrations by number in the text. Give all weights 
and measures in metric units. 


Case Reports. Limit findings to those pertinent to the case. Negative findings that are not relevant 
should be omitted. 


References. Type double-spaced on pages separate from the text. Arrange and number sequentially 
as cited. Cite in text by number within brackets. Double-check to ensure accuracy. Give complete 
publication data. Use the following style and Index Medicus journal abbreviations. 


Journal article: Jobes DR, Schwartz AJ, Ellison N, et al: Monitoring heparin anticoagulation and 
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Book: Bonchek LI, Brooks HL (eds): Office Management of Medical and Surgical Heart 
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Tables. Limit the number of tables, restrict them to material best presented in tabular form, and hold 
length to one manuscript page if possible. Type double-spaced on pages separate from the text. 
Provide a brief title for each table. 


Figure Legends. Type double-spaced on pages separate from the text. Do not paste or fasten to illus- 
trations. Provide one legend for each illustration or grouped illustrations. Number in sequence. 


The Annals can consider only a limited number of illustrations per paper without special arrange- 
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black and white. (Color may be used only by special arrangement and is subject to extra charges.) A 
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Accompany photographs of recognizable persons by a signed release from the subject. All illus- 
trations should be submitted in duplicate. Do not use paper clips to attach illustrations. 


Color Illustrations. Color figures of real value to an article will be considered for publication. Part of 
the reproduction and printing costs will ke borne by The Annals; the author must be prepared to pay 
$700 per page (for up to six finished illustrations that will fit on one side of a single page), and for 
any additional figures or special effects. Positive 35 mm color transparencies must be submitted for 
evaluation; color prints should not be sent without transparencies. The slides should be packed 
carefully and sent with the manuscript, in a separate container or between two sheets of cardboard. 
(Glass-mounted slides should not be sent through the mail.) 


Authors are referred to Guidelines for Data Reporting (Ann Thorac Surg 24:398, 1977; see also Er- 
ratum, Ann Thorac Surg 25:35, 1978) for appropriate terminology and methods of data analysis to be 
used in submitted manuscripts. Papers with studies and analyses (or needing them) are routinely 
submitted to a biostatistician for critique of statistical methodalogy and accuracy. 


Obtain and submit with the manuscript written permission to use nonoriginal material (quotations 
exceeding 100 words, any table or illustration) from both author and publisher of the original. 


Reprints Reprints should be ordered before publication on the form supplied the author with proofs. Re- 
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CONSORTIUM FOR CONTINUING MEDICAL EDUCATION AND RESEARCH announces: 


The Second Central Pacific 
Symposium On Cardiac Pacing 
— to be held in Hawail!! 


-irst Lectureship Honoring Wilhelm His. 


February 20-25, 1983 


An international symposium covering new techniques in 


implantation, physiologic pacing and technological advances. 


PROGRAM CHAIRMAN 
ROBERT N. SCHNITZLER, M.D. 
Associate Professor of Medicine 
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CONSORTIUM FOR CONTINUING 
MEDICAL EDUCATION & RESEARCH 


550 Carson Plaza Drive, Suite 132 


Carson, California 90746 


PROGRAM DESCRIPTION 
BREAKFAST TECHNICAL SESSIONS 
1. Factors effecting pacemaker longevity. 

2. Advanced microprocessor technology. 
3. Power sources: Past, Present, and Future. 
4. Pacemaker sensing concepts. 


LUNCHEON PANELS: POINT/COUNTERPOINT 


(The experts discuss controversial topics) 


1. Should physicians be certified to implant pacer systems? 
2. Are pacemakers becoming too complicated? 
3. Have you selected the proper pacing mode? 


SCIENTIFIC SESSIONS: 


DAY I 

1. Hospital Evaluation 

2. Indications of Single and Dual Chamber Pacing 

3. Types and Modalities of Pacemakers 

4. Pacing Hemodynamics 

5. Implantation Techniques 
DAY II 

1. Use of Analyzers and Their Drawbacks 

2. Single and Dual Chamber ECG Analysis 

3. Complications in Analyzing Pacemaker ECG’s 

4. Benefits of Telemetry in Patient/Pacer Analysis 
DAYIN 

1. Considerations and Complications using the 
DDD Pacing Mode 

2. Tachyarrythmia Electrophysiology 

3. Control of Tachycardia with Conventional Patient Therapy 

4. Control of Tachycardia with Special Anti-Tach Pacemakers 

5. Matching the Proper Pacer Mode to the Patient 
DAY IV 

1. Pacemaker Surveillance 

2. Future Trends 

3. Abstract Presentation: Original contributions 


Supported in part by a grant from 
The Continuing Mecical Education Program of 
Pacesetter Systems, Inc. 





(213) 532-6062 





Maui, Hotel Inter-Continental 


Registration is limited. 


COURSE OBJECTIVE 


A panel of international experts will present this course, designed 
for physicians and allied health care professionals in the field of 
cardiac pacing, providing insight into some of the new tech- 
niques for selections and implantation of apporpriate devices. 
Emphasis is placed on physiologic pacing and troubleshooting, as 
well as the technological capabilities of current and future 
devices. 


ACCREDITATION 


PHYSICIANS: This course offering is approved for up to 24 hours 
category 1 credit toward the Physician Recognition Award of the 
American Medical Association. 

AAFP: American Academy of Family Physicians applied for. 
NURSES: Approved for 20 contact hours of continuing education. 
Provider No. 01369, BRN State of California. 


REGISTRATION 
REGISTRATION PHYSICIANS & OTHERS 
FEES INDUSTRY 
Received by October 1 $450 $350 
Received by December 1 $500 $400 
After December 1 $550 $450 
HOTEL 
First Nights Hotel Deposit $100 


PROGRAM SCHEDULE 


BREAKFAST TECHNICAL SESSIONS: 7:00-8:00 A.M. 
SCIENTIFIC SESSIONS: 8:00-11:30 A.M. 
TECHNICAL WORKSHOPS: 11:30-12:00 Noon 


LUNCHEON PANEL—POINT/COUNTERPOINT — 12:00-1:30 P.M. 


THIS COURSE MEETS THE REQUIREMENT OF THE INTERNAL 
REVENUE SERVICE FOR MAINTAINING AND IMPROVING 
PROFESSIONAL SKILLS FOR INCOME TAX PURPOSES (SECTION 
162 IRS CODE). 


CALL FOR ABSTRACTS 
OF ORIGINAL RESEARCH IN CARDIAC PACING AND ELECTRO- 
PHYSIOLOGY to be presented at the 2nd Central Pacific Sym- 
posium on Cardiac Pacing. Participation of investigators from 
throughout the world are welcome. Abstracts and presentation 
must be in English. 


For information write: 
Consortium for Continuing Medical Education & Research 


REGISTRATION FORM 
Second Central Pacific Symposium 
On Cardiac Pacing 


Mail to: M.D.. 
REGISTRATION — CARDIAC PACING RN. 
Consortium for Continuing Fellow/Resident 
Medical Education & Research INTERN 
550 Carson Plaza Drive, Suite 132 Other 


Carson, California 90746 (213) 532-6062 


O YES, | WOULD LIKE TO RUN 
WITH THE MAUI PACERS! 

5 and 10 K MAUI PACER 

RUN FOR YOUR LIFE. 

DONT MISS THIS EXCITING EVENT! 





Make checks payable to: 
CCMER - PACEMAKER SYMPOSIUM 


IF ADDITIONAL INFORMATION IS REQUIRED 
CALL (213) 532-6062 
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NOTICE 


The Children’s Hospital of Los Angeles will 
present the Third Clinical Conference on 
Congenital Heart Disease on January 14-15, 
1983, .at the Ambassador Hotel in Los 
Angeles. The conference will deal with right- 
‘sided obstructive lesions, including tetralogy 
of Fallot, pulmonary atresia, and tricuspid 
atresia. 





The guest faculty includes: 





Frederick O. Bowman, Jr., New York City 
Paul A. Ebert, San Francisco 

Robert M.: Freedom, Toronto 

William W. L. Glenn, New Haven, CT 
Dwight C. McGoon, Mayo Clinic 

Herbert D. Ruttenberg, Salt Lake City 
Jane Somerville, London 


For details, please contact Bernard L. Tucker, 
M.D., 1186 W Sixth St, Los Angeles. CA 


90017. 
a 
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PERIOPERATIVE 
CARDIAC DYSFUNCTION 


December 2-4, 1982 
San Diego Hilton Beach and Tennis Resort 


Sponsored by The Cardiothoracic Research 
and Education Foundation 


Course Director: Joe R. Utley, M.D. 


Continuing education credit for physicians 
and nurses. Registration fee: $250, physi- 
cians; $125, nurses and residents. 


Perioperative Cardiac Dysfunction is the third 
in a series of courses designed to integrate 
information about basic and clinical sciences, 
and to improve the knowledge of surgeons, 
cardiologists, -anesthesiologists, pulmonol- 
ogists, nurses, and other specialists in the 
care of patients undergoing cardiac surgi- 
cal procedures. 

For information write CREF, P.O. Box 
33185, San Diego, CA 92103, or call (714) 
272-3126. | 














Specialty Review 
in Thoracic 
Surgery 


` 


January 24-29, 1983 





SCHOOL Ymon: 





This intensive 48-hour review course offers you a 
broad, yet detailed and well-presented 
examination of current thoracic surgical practice. 


Specialty Review in Thoracic Surgery, after 
reviewing diagnostic and therapeutic principles, 
emphasizes pathology, physiology, pharmacology, 
and biochemistry applicable to thoracic and 
cardiac surgery; surgical techniques and 


._postoperative management. It is clinically- 


relevant, practical, and informative. 


This course is designed to meet the needs of 
trainees and recent graduates preparing for 
certification in thoracic surgery in Part I of the 
Board Examinations ... practicing thoracic . 
surgeons seeking a comprehensive review and 
update ... and general surgeons with special 
interest in surgery of the chest. Participation earns 
48 AMA Category 1 credit hours. Fees: $450, 
practicing physicians; $340, satente ana fellows. 


-Enrollment is limited to 225. 


For further information, contact: The Cook County 
Graduate School of Medicine, 707 South Wood 
Street, Chicago, Hlinois 60612; (312) 733-2800. 


The Graduate School ... over half a century of continuing medical education. 





Designed by Surgeons 

Two cardiovascular surgeons developed THORA-KLEX to 
improve chest drainage technique. THORA-KLEX does 
everything your present system does — but much more 
easily and with much less nursing time. 


No Water Needed 

A unique valve system replaces the water, simplifying pres- 
sure setting, and helps assure patient's safety. The one-way 
valve helps protect the patient against backflow and exces- 
sive positive pressure. The U-tube indicates air leaks and 
respiratory dynamics. It is simple, safe and convenient for 
patient, physician and nurse. 


Simple, Safe, Convenient 
Since it is waterless, THORA-KLEX requires less mainte- 
nance and is quieter than other systems. It is compact, helps 
protect the patient from excessive negative pressure and is 
disposable. 

Davol Inc 


Subsidiary of C.R. Bard, Inc 
Cranston. RI 02920 


Innovators in Chest Drainage 


Solving problems...from opening 
to closing — and beyond S 
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Davol Provides In-Service Training ž 


With our guidance, your staff can become completely famil- 
iar with THORA-KLEX in just one short session. Get in touch Z 


with us today and let us tell you more. k 
i i eS 

For more information. .. VW we 

or to order & 

Phone 800-556-6756, ext. 433, L KY 


or mail the coupon below. 


THORA-KLEX is a trademark of 
C.R. Bard, Inc 






See what's happening. 
Instantly. Easily. 





he slow-speed strip chart recorder provides 

asy-to-understand trends. A steady or rising 
ace indicates a stable or improving cerebral 
nction. A falling trace can be an early warning 


f a deteriorating condition. There’s no need for 


‘tensive operator training or interpretation of 
mplex graphs. 
The chart can be used in two modes: 
average, which clearly separates maximum, 
erage, and minimum amplitudes, and 
actual,” which appears as one band. 


tatus at a glance. 
right, easy to read, LED displays tell you 


RIEF SUMMARY 

DICATIONS: Indicated for use in monitoring cerebral 
ectrical activity. 

is not designed, sold, 

r intended for use except a 
IRECAUTIONS: When monitoring c 
tonths of age, position ground reference 
tately 1.0 cm to either side of cranial mi 


activity instantly. Displays are updated at least 
every two seconds. 

Light, portable, inexpensive. 

The new CRITIKON Cerebral Function Monitor 
is particularly useful during complex surgical 
procedures such as open heart surgery or 
neurosurgery, and especially in comatose and 
drug overdose patients. It weighs only 19 lbs., so 
take it where you need it. And it’s surprisingly 
inexpensive. Ask your Critikon Representative 
for more information or call today— 
800-237-7541 (FL: 800-282-9151). 


anterior frontal lobe. Ground refere electrode must be 
applied to patient’s head and no other part of t vent 
defibrillation voltage between active e ground 
ce electrode. Do not use ir ice of flammable 
ics. 


the order of a physician. 


New 
Cerebral Function 
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Critikon, Inc., 1410 N. Westshore Blvd., Tampa, FL 33607 


titikon, Inc. 1982 


Upjohn 


Announces 

New Hope for 
Cyanotic Newborns 
With Congenital 
Heart Disease 












The First Cardiovascular 
Prostaglandin 


PROSTIN VR PEDIATRIC 

Sterile Solution (alprostadil, PGE;) 
was developed by the Cardiovascu- 
lar Diseases Research Unit of The 
Upjohn Company. Prostaglandin E, 
is indicated for palliative, not defin- 
itive, therapy to maintain a patent 
ductus until neonates with con- 
genital heart defects can have cor- 
rective surgery. 


Our commitment to prostaglandin 
research has provided the medi- 

cal community with the first prosta- 
glandin for use in cardiovascular 
disease in the United States. Dedi- 
cated research continues concerning 
the effects that prostaglandins have 
in cardiovascular disease as well 

as in other medical specialty areas. 


The use of alprostadil, PGE,, for 
dilating the ductus arteriosus in cya- 
notic newborns constitutes a new 
development in the field of neonatal 
heart disease! Prior to the use of 
PGE, for “blue babies,’ emergency 
surgery was the only course of action 
available. Today, thanks to this new 
therapeutic modality, physicians may 
be able to administer PROSTIN VR 
PEDIATRIC to maintain pulmonary 
blood flow in the child until the con- 
dition can be accurately diagnosed. 
When the neonate is physically 
stronger, elective surgery can be per- 
formed. The survival rate of new- 
borns has increased significantly with 
the use of PROSTIN VR PEDIATRIC 
Sterile Solution (alprostadil) com- 
bined with new surgical techniques! 
However, further research is still 
needed concerning the appropriate 
treatment of underlying congenital 
cardiac defects in cyanotic newborns. 


Reference 

1. Linday LA, Engle MA: Prostaglandin 
treatment of newborns with ductal- 
dependent congenital heart disease. 
Pediatr Ann 10(4):29-38, 1981. 


PROSTIN VR 
PEDIATRIC s. 
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Please see following page for brief summary 
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Prostin VR Pediatric 


(alprostadil) 


WARNING 
Apnea is experienced by about 10 to 12% of neonates with congenital heart defects 
treated with Prostin VR Pediatric (alprostadil). Apnea is most often seen in neonates 


weighing less than 2 kg at birth and usually appears during the first hour of drug 
infusion. Therefore, respiratory status should be monitored throughout treatment, 
and Prostin VR Pediatric should be used where ventilatory assistance is immedi- 
ately available. 


INDICATIONS AND USAGE 

Prostin VR Pediatric (alprostadil) is indicated for palliative, not definitive. ther- 
apy to temporarily maintain the patency of the ductus arteriosus until corrective or 
palliative surgery can be performed in neonates who have congenital heart de- 
fects and who depend upon the patent ductus for survival. Such congenital heart 
defects include pulmonary atresia, pulmonary stenosis, tricuspid atresia, tetralogy 
of Fallot, interruption of the aortic arch, coarctation of the aorta, or transposition 
of the great vessels with or without other defects. 

In infants with restricted pulmonary blood flow, the increase in blood oxygena- 
tion is inversely proportional to pretreatment pO, values; that is, patients with low 
pO, values respond best, and patients with pO, values of 40 torr or more-usually 
have little response. 

Prostin VR Pediatric should be administered only by trained personnel in facilities 
that provide pediatric intensive care. 


CONTRAINDICATIONS 
None. 


WARNINGS 

See WARNING box. 

Note: Prostin VR Pediatric (alprostadil) must be diluted before it is administered 
(see full prescribing information for dilution instructions). 


PRECAUTIONS 

General Precautions 

1. Cortical proliferation of the long bones, first observed in dogs, has also been 
observed in infants during long-term infusions of alprostadil. The cortical pro- 
liferation in infants regressed after withdrawal of the drug. 

2. Prostin VR Pediatric (alprostadil) should be infused for the shortest time and 
at the lowest dose that will produce the desired effects. Risks of long-term in- 
fusion should be weighed against the possible benefits. 

. Use cautiously in neonates with bleeding tendencies. 

4. Should not be used in neonates with respiratory distress syndrome. Differen- 
tiate between respiratory distress syndrome (hyaline membrane disease) and 
cyanotic heart disease (restricted pulmonary blood flow). 

5. Necessary Monitoring: 

a) In all neonates, arterial pressure should be monitored intermittently by 
umbilical artery catheter, auscultation, or with a Doppler transducer. Should 
arterial pressure fall significantly, decrease the rate of infusion immediately. 

b) In infants with restricted pulmonary blood flow, measure efficacy by moni- 
toring improvement in blood oxygenation. In infants with restricted systemic blood 
flow, measure efficacy by monitoring improvement of systemic blood pressure 
and blood pH. 

6. Drug Interactions: 

No drug interactions have been reported between Prostin VR Pediatric and 
the therapy standard in neonates with restricted pulmonary or systemic blood flow. 

7. Carcinogenesis, Mutagenesis, and Impairment of Fertility: 

Long-term carcinogenicity studies and fertility studies have not been done. 


ADVERSE REACTIONS 

1. Central Nervous System: Apnea has been reported in about 12% of the neo- 
nates treated (see WARNING box). Other common adverse reactions: fever 14% 
and seizures 4%. Reactions reported in less than 1% of the patients: cerebral 
bleeding, hyperextension of the neck, hyperirritability, hypothermia, jitteriness, 
lethargy, and stiffness. 

2. Cardiovascular System: Flushing 10% (more common after intraarterial 
dosing), bradycardia 7%, hypotension 4%, tachycardia 3%, cardiac arrest 1%, 
and edema 1%. Reactions reported in less than 1%: congestive heart failure, 
hyperemia, second degree heart block, shock, spasm of the right ventricle 
infundibulum, supraventricular tachycardia, and ventricular fibrillation. 

3. Respiratory System: Reactions reported in less than 1%: bradypnea, 
bronchial wheezing, hypercapnia, respiratory depression, respiratory distress, 
and tachypnea. 

4. Gastrointestinal System: Diarrhea 2%. Reactions reported in less than1%: 
gastric regurgitation, and hyperbilirubinemia. 

5. Hematologic System: Disseminated intravascular coagulation in about 1%. 
Events reported in less than 1%: anemia, bleeding, and thrombocytapenia. 

6. Excretory System: Anuria and hematuria reported in less than1%. 

7. Skeletal System: Cortical proliferation of the long bones has been reported 
(see PRECAUTIONS), 

8. Miscellaneous: Sepsis 2%; peritonitis less than 1%; hypokalemia, hypogly- 
cemia and hyperkalemia in 1% of patients. 


OVERDOSE 

Apnea, bradycardia, pyrexia, hypotension, and flushing may be signs of drug 
overdosage. If apnea or bradycardia occurs, discontinue the infusion, and provide 
appropriate medical treatment. Caution should be used in restarting the infusion. 

If pyrexia or hypotension occurs, reduce the infusion rate until these symptoms 
subside. Flushing is usually a result of incorrect intraarterial catheter placement, 
and the catheter should be repositioned. 


HOW SUPPLIED 
1 ml ampoules (NDC 0008-3169-01), Each ml contains 500 micrograms 
alprostadil in dehydrated alcohol. 


ao 


Caution: Federal law prohibits dispensing without prescription. 


The Upjohn Company: Kalamazoo, MI 49001, U.S.A. 


J-9750 
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CABTOMROINITK 


Pacers ina class of their own™ 


Our daily work in the field of pacemaker research and development means 
that we are inevitably confronted with leads. We at BIOTRONIK devote as 
much attention to our leads as we do to our pacers. 

The result: innovation, reliability, variety and meticulous workmanship - 
which set standards. Our years of experience in pacer therapy are your 
guarantee. 


BIOTRONIK leads —for active fixation 
developed with pacers in mind 





CLASSIFIED ADS 


Classified ads for meeting announcements, postgraduate 
courses, and positions wanted or available must relate only 
to the thoracic and cardiovascular surgical specialties. All 
ads are subject to the approval of the Editor, and material 
deemed inappropriate for publication in The Annals will be 
rejected. The charge for all classified advertising is $25.00 
per 50 words per issue. Prepayment is required. 

Please submit full information with each ad, including 
name, address, and telephone number of contact person. If 
anonymity is desired when advertising a position wanted 
or available, please indicate this at the time of submission 
and a code number will be assigned. All responses received 
will remain confidential in the publisher's office and will be 
conveyed to the advertiser shortly after receipt. 

Ads must be submitted no later than eight weeks prior to 
the publication month of the desired issue. Send ad and 
nonrefundable check (in the amount of $25 for every 50 
words times the number of issues the ad is to run), payable 
to The Annals of Thoracic Surgery, 400 North Ingalls, Box 
050, University Hospital, Ann Arbor, MI 48109. 


Please note that The Annals does not function as a placement 
service and cannot provide information on advertised po- 
sitions. When answering advertisements, please write indi- 
vidually to each advertiser you wish to contact, using the 
address given in the ad. 


SITUATIONS WANTED 


Cardiovascular surgeon, 32, ABIM, ABS pending, currently 
training in major heart surgery center, desires position in 
growing private practice in July, 1983. Will consider any 
geographical area but association must lead to full partner- 
ship within three years. Clinical research interests. Cur- 
riculum vitae and references on request. 


Please respond to W-317, The Annals of Thoracic Surgery, 
34 Beacon St, Boston, MA 02106. 


Thoracic and cardiovascular surgeon, 35, ABS/ABTS eligi- 
ble, trained in university center, seeks private practice op- 
portunity with or without academic affiliation. No geo- 
graphical preference. Curriculum vitae and references upon 
request. Available January, 1983. 


Please respond to W-323, The Annals of Thoracic Surgery, 
34 Beacon St, Boston, MA 02106. 


Thoracic and cardiovascular surgeon, 36, ABS/ABTS, uni- 
versity trained, would like to relocate; association must lead 
to a partnership. Qualifications include two years of resi- 
dency, one year of fellowship, and over two years of very 
busy practice in a balanced service. Available any time. 


Please respond to W-325, The Annals of Thoracic Surgery, 
34 Beacon St, Boston, MA 02106. 


Cardiothoracic surgeon, 32, ABS, ABTS, trained in major 
midwestern university. Currently doing additional fellow- 
ship; desires situation in private practice. Curriculum vitae 
and references on request. 


Please respond to W-328, The Annals of Thoracic Surgery, 
34 Beacon St, Boston, MA 02106. 


Cardiothoracic and vascular surgeon, 36, ABS certified 
peripheral vascular fellowship. Currently training in major 
eastern university cardiovascular program; desires posi- 
tion, with possible interest in purchase of established prac- 
tice. Available July, 1983. Will consider any location. 


Please respond to W-329, The Annals of Thoracic Surgery, 
34 Beacon St, Boston, MA 02106. 





Cardiothoracic surgeon, 33, ABS certified, ABTS eligible 
(7/83), currently training in major university cardiothoracic 
program; extensive experience in acquired and congenital 
cardiac surgery, trauma, and general thoracic surgery. De- 
sires mainly cardiac surgery oriented position in Middle 
Atlantic or Southeast area. Curriculum vitae and references 
on request. 


Please respond to W-330, The Annals of Thoracic Surgery, 
34 Beacon St, Boston, MA 02106. 


Cardiovascular and thoracic surgeon currently training in 
high-volume program in Houston desires position for July 
1983. Will consider all geographical areas. Curriculum vitae 
and references on request. 


Please respond to W-331, The Annals of Thoracic Surgery, 
34 Beacon St, Boston, MA 02106. 


Cardiovascular and thoracic surgeon, 34, ABS eligible, cur- 
rently training in major Canadian heart surgery center, de- 
sires academic position. Available July 1983. Clinical and 
basic research interests. Curriculum vitae and references 
upon request. 


Please respond to W-332, The Annals of Thoracic Surgery, 
34 Beacon St, Boston, MA 02106. 


Associate professor and chief of cardiothoracic surgery at 
major university medical center, 44, ABTS, FACC, STS, 
wishes to initiate open-heart program or become associated 
with a group. Seasoned and mature with extensive clinical 
experience in all facets of cardiac surgery. Available any 
time. No geographical preferences. 


Please respond to W-333, The Annals of Thoracic Surgery, 
34 Beacon St, Boston, MA 02106. 


SITUATIONS AVAILABLE 





Fellowship in pediatric cardiovascular and thoracic 
surgery. One-year program beginning July 1, 1982, and 
January 1, 1983, includes emergency newborn surgery as 
well as elective closed and open cardiac surgical procedures 
(250 to 300 cases per year). 


Please respond with curriculum vitae to A-293, The Annals 
of Thoracic Surgery, 34 Beacon St; Boston, MA 02106. 





General thoracic surgical group in suburban Boston seeks 
new associate. Must be board certified or eligible. 


Please submit resume and curriculum vitae to A-390, The 
Annals of Thoracic Surgery, 34 Beacon St, Boston, MA 
02106. 





Opportunity for cardiac surgeon in small group private 
practice. Tertiary referral center with active teaching pro- 
gram and fully equipped hospital, including advanced lab 
facilities, CT scanner, oncology program, cath lab, cardiac 
surgery, neurosurgery, dialysis, and other facilities, with a 
service area of 300,000 or more. Unspoiled university city 
on Lake Superior offers outstanding recreational oppor- 
tunities. 


Please contact J. C. Wojcik, M.D., Chairman, Recruitment 
Committee, Marquette General Hospital, 420 W Magnetic 
St, Marquette, MI 49833; tel: (906) 228-9440, ext. 434. 








Board certified thoracic and vascular surgeon needed to join 
very busy three-man group in central Florida. Extensive 
vascular experience desirable, including pacemakers and 
dialysis access. Large multifaceted hospital setting in prime 
area. 


Respond with curriculum vitae to A-398, The Annals of 
Thoracic Surgery, 34 Beacon St, Boston, MA 02106. 


Young cardiac surgeon with academic background wanted 
to start an open-heart program. ABTS certification and Flex 
or Florida license required. 


Please respond to A-400, The Annals of Thoracic Surgery, 34 
Beacon St, Boston, MA 02106. 


Fellowship in pediatric cardiovascular and thoracic 
surgery. One-year program. Prefer graduate of an approved 
program in thoracic surgery who desires more pediatric ex- 
perience. Special emphasis on neonatal surgery; 225 cases 
per year. Please send curriculum vitae. 


Contact James W. Kilman, M.D., Department of Thoracic 
Surgery, Columbus Children’s Hospital, 700 Children’s Dr, 
Columbus, OH 43205. 





Thoracic and vascular surgical group in southern New En- 
gland seeks ABTS eligible or certified surgeon. Extensive 
vascular training and experience required. 


Please respond with curriculum vitae to A-404, The Annals 
of Thoracic Surgery, 34 Beacon St, Boston, MA 02106. 





Fellowship in adult cardiac surgery available July 1, 1983, at 
university-affiliated hospital with a large cardiac and 
thoracic service. 


Please send resume and inquiries to William S. Stoney, 
M.D., 4230 Harding Rd, Suite 501, Nashville, TN 37205. 





Marshfield Clinic is seeking a pediatric heart surgeon to 
join three cardiovascular surgeons, eight adult cardi- 
ologists, and two pediatric cardiologists. Surgical practice 
will include adult patients. 


Please send CV to Sidney E. Johnson, M.D., Medical Di- 
rector, 1000 N Oak Ave, Marshfield, WI 54449; tel (collect): 
Dr. Sidney Johnson, (715) 387-5253, or Dr. William Myers, 
(715) 387-5275. 





Cardiovascular and thoracic surgeon wanted for private 
practice in the Midwest. Predominately vascular and tho- 
racic. Experience with arteriography or noninvasive blood 
flow laboratory or both desirable. Must be ABTS eligible 
or certified. 


Please submit resume and curriculum vitae to A-415, The 
Annals of Thoracic Surgery, 34 Beacon St, Boston, MA 
02106. 








Fellowship in thoracic and cardiovascular surgery. Excel- 
lent opportunity for physicians who are licensed or eligible 
in New Jersey. Minimum salary of $30,000 or more, de- 
pending on experience, along with benefit package. An 
equal opportunity/affirmative action employer. 


Apply to Chief, Department of Surgery, Deborah Heart & 
Lung Center, Browns Mills, NJ 08015. 





Thoracic/cardiovascular fellowship available at Nassau 
Hospital, to begin as soon as possible. This 530-bed Long 
Island teaching hospital has ultramodern cardiac surgical 
facilities. Training covers a large variety of cardiac, thoracic 
and peripheral vascular cases. Applicants should be board 
certified or eligible in general surgery. An equal opportu- 
nity employer (M/F). 


Apply to Dr. M. Mohtashemi, Chairman, Thoracic and Car- 
diovascular Department, Nassau Hospital, 259 First St, 
Mineola, Long Island, NY 11501. 





Thoracic-vascular surgeon needed for busy private practice 
in Ohio. Must be board certified or eligible. Main emphasis 
on thoracic, vascular, and pacemaker surgery. Office-based 
noninvasive vascular Dopscan. Potential for partnership. 


Please respond to A-418, The Annals of Thoracic Surgery, 34 
Beacon St, Boston, MA 02106. 





Cardiovascular surgeon wanted to join busy, practicing 
surgeon in growing California coastal community. Practice 
consists of adult cardiac, thoracic and vascular surgery. Ap- 
plicant must be ABTS eligible or certified. 


Please respond to A-419, The Annals of Thoracic Surgery, 34 
Beacon St, Boston, MA 02106. 





Busy thoracic surgical practice in southern California seeks 
ABTS certified individual as associate. Excellent opportu- 
nity for partnership/acquisition of practice within a reason- 
able time. 


Applicants should send complete CV with at least three 
references to A-420, The Annals of Thoracic Surgery, 34 
Beacon St, Boston, MA 02106. 





Excellent opportunity for board-certified or -eligible 
thoracic surgeon to join established four-man group on 
Long Island, NY. Two 500-bed hospitals, fringe benefits, 
superior living environment. 


Please respond to A-421, The Annals of Thoracic Surgery, 34 
Beacon St, Boston, MA 02106. 





Cardiovascular and thoracic surgeon wanted to join private 
practice; predominantly open-heart but also thoracic and 
vascular surgery. Midwestern location. Prefer that appli- 
cants be ABTS eligible or certified. 


Please respond to A-422, The Annals of Thoracic Surgery, 34 
Beacon St, Boston, MA 02106. 
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new Versatrax pacemakers keep 
a heart beating like a heart. 





Introducing Versatrax physiological 
pacemakers- the truly universal pacing system. 


Versatrax'’’ pacemakers are physio- 
logical units that sense and pace in 
both chambers, precisely respond- 
ing to your patient’s intrinsic car- 
diac rhythms. The resultant 
improved hemodynamics of syn- 
chronous dual chamber pacing 
improves the quality of life in a 
broad spectrum of your patients. 
Versatrax” pacemakers can be 
easily adapted to each of your 
patient’s particular needs because 
of programming capability. Use of 





Presently in clinical evaluation process. 


the CENSYS™ programmer pro- 
vides 3 pacing modes: DDD, 
DVI, or VVI. Fine tune Versa- 
trax" physiologic pacemakers to 
each patient’s specific symptomo- 
logy through program options 
which include: lower rate, upper 
rate, pulse width, A-V interval, 
sensitivities, and more. 
Versatrax™ physiologic pace- 
makers are the longest lived multi- 
modal pacing systems available 
today. You and your patients can 


Medtronic 


Leading the way to man’s heart. 


anticipate an 8 year battery life 
expectancy. 

Medtronic’s commitment to you 
doesn’t end with the world’s quality 
and reliability standard in pacing 
products. For consultation any 
time, special assistance, patient 
follow-up services, or more in- 
formation, call (toll free) 1-800- 
328-2518, or mail our coupon. 
It’s all just part of the Medtronic 
difference. 


Versatrax™ Model 7000 Universal 
A-V Pacemaker 


Intended Uses 


The Model 7000 universal A-V pulse generator has a wide range of 

applications in patients requiring permanent cardiac pacing where 

restoration of A-V synchrony and/or sinus modulated rate variability 

is indicated to improve cardiac output or to protect against arrhy- 

thmias related to the sequence of cardiac impulse propagation. With 

the Model 7000 programmed in the A-V universal (DDD) mode, such 

indications may include: 

e Some of the sick sinus syndrome conditions such as intermittent 
sinus bradycardia, sinus arrest or SA block. 

e Symptomatic bradycardia. 

e Certain drug-resistant and reentrant tachycardias. 

e Atrial and ventricular ectopic arrhythmias. 

In the A-V sequential (DVI) mode, the Model 7000 may have applica- 

tion in the following: 

e Sick Sinus Syndrome (sinus bradycardia, sinus arrest, SA block, 
and the brady-tachy syndrome). 

e Symptomatic bradycardia. 

e Certain drug-resistant and reentrant tachycardias. 

e Atrial and ventricular ectopic arrhythmias. 

At any time the Model 7000 can be programmed to the VVI mode in 

which case the device functions as a ventricular inhibited pulse 

generator. This mode is intended primarily as a backup mode in 

situations where it is necessary to disable the atrial circuitry. 


Contraindications 


General. There are no known contraindications to the use of pacing 
as a therapeutic modality for control of heart rate. The patient's age 
and medical condition, however, may dictate the particular pacing 
system, mode of operation, and implantation procedure used by the 
physician. 

DDD Mode. The DDD mode is contraindicated in the presence of 
atrial fibrillation, atrial flutter and rapid atrial rhythms of slow retro- 
grade conduction. 

DVI Mode. In the DVI mode, atrial pacing is ineffective in the pres- 
ence of chronic atrial fibrillation or flutter. 


Warnings 


Diathermy. Diathermy should not be used on patients with pace- 
makers because of possible heating effects in the pulse generator 
and at the implant site. Electrosurgical units should never be used in 
the presence of unipolar pulse generators because of the danger of 
phere fibrillatory currents into the heart via the implanted pulse 
generator/lead. 


Defibrillation. Pulse generators may be damaged by defibrillatory 
discharges if the paddles are placed over the implanted pulse gener- 
ator. See the specific precautions and warnings in the technical 
manuals included with the pulse generator. 


Precautions 


The physician should be aware that all pulse generators will ulti- 
mately cease to function due to cell depletion, and may fail at any 
time due to random component or battery failures which cannot be 
predicted prior to failure. Also that the pacing system may cease to 
function at any time due to lead-related problems such as displace- 
ment, fracture, fibrotic tissue formation, elevated thresholds and 
medical complications, and that proper operation may be affected by 
electrical interference from certain electrical equipment. 


Side Effects 


Body rejection phenomena, including local tissue reaction, muscle 
and nerve stimulation, infection, erosion of pulse generator/lead 
through skin, transvenous lead-related thrombosis, embolism and 
cardiac tamponade. 


Versatrax™ Versatrax™ 


A-V Sequential Fully Automatic 
DVI DDD 





For more information, write: 
Physician Information Services 
Medtronic, Inc. 

Business and Technology Center 
P.O. Box 1453 

Minneapolis, MN 55440 
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Versatility 


To be the best at one thing is an accomplishment. 

To outpace the field across the board is remarkable. In this 
age of specialization, such completeness is a rare quality. It’s 
the mark of a true champion performer. In cardiopulmonary 
bypass surgery, it’s the mark of Bentley Custom Pacs. 

When it comes to providing the versatility of individually 
configured components and tubing for cardiopulmonary 
bypass surgery, cardiovascular surgeons and perfusionists 
have chosen Bentley more than any other supplier. The 
reasons are clear. Bentley has consistently demonstrated a 
long-term commitment to being responsive to your needs— 
through the development of innovative products, through 
uncompromising production standards, and through personal 
service. That’s why Bentley has become the world’s largest 
and most versatile manufacturer of custom tubing packs. 
Continued response to your changing needs will keep 
us the world’s leader. 
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Porous Surface 
Bipolar Leads. 


Five times the 
flex strength of 


conventional leads. 
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Introducing the 
on-line system 
for the correction 
of excess 
hemodilution. 


The new WILLIAM HARVEY Hemo- 
Concentrator is the most convenient, 
economical and physiologically com- 
patible system yet available for control 
of excess hemodilution. The Hemo- 
Concentrator removes fluid from the 
oypass circuit rapidly without deplet- 
ing formed elements and vital clotting 
factors. Hematocrit can be increased 
within minutes. 
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Hemo-Concentrator System. 
Disposable and completely self- 

contained, the Hemo-Concentrator 

eliminates the need for expensive 

capital equipment and additional O.R. 

personnel. It allows the surgeon to 

administer cardioplegia whenever, 

and in whatever amounts, necessary. 

There are many other advantages 

for every member of the bypass team. 

For the patient too. Contact your 

Bard Cardiopulmonary represen- 

tative for a demonstration. 


Bard Cardiopulmonary Division 

BARD C.R. Bard, Inc. 
1425 S. Village Way, Santa Ana, CA 92705 
(800) 854-3917, In Calif. (714) 835-2422 
William Harvey is a trademark of C.R. Bard, Inc. 
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Our daily work in the field of pacemaker research and development means 
that we are inevitably confronted with leads. We at BBOTRONIK devote as 
much attention to our leads as we do to our pacers. 

The result: innovation, reliability, variety and meticulous workmanship - 
which set standards. Our years of experience in pacer therapy are your 
guarantee. 


BIOTRONIK leads -for active fixation 
developed with pacers in mind 
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For further information contact your BIOTRONIK 

local BIOTRONIK representative or Meß-und Therapiegeräte GmbH & 
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' EDITORIAL 


Postoperative Hemorrhage 


after Cardiopulmonary Bypass 


Noel L. Mills, M.D. 


- Postoperative hemorrhage after cardiopulmo- 


nary bypass operations directs the surgeon’s 
attention to a number of factors, including the 
search for a surgical “pumper” and the coagu- 
lation mechanism. The surgeon must also as- 
sess the importance of large areas of dissection, 
severe adhesions, and a substantial mediastinal 
hematoma. No single criterion dictates reex- 
ploration in such patients, although persistent 
bleeding of 100 to 200 ml per hour is followed 
by prompt reexploration in most centers when a 
specific amount of mediastinal drainage (e.g., 
1,500 ml) has been reached. On occasion, reex- 
ploration is indicated even though bleeding has 
begun to slow down in order. to evacuate the 
large mediastinal hematoma. 

The use of positive end-expiratory pressure 
(PEEP) to increase mediastinal pressure in an 
effort to control postoperative bleeding has 
been described by Iabaca and colleagues [1], 
who consecutively studied 406 adult patients 
undergoing cardiac surgery; the 15 bleeding 
patients in this study served as their own con- 
trols. If PEEP had not been instituted and 


bleeding had not been controlled, it would cer- 


tainly have been necessary to reexplore these 
patients. The report by Zurick and associates on 


page 608 of this issue of The Annals of Thoracic 


Surgery is an attempt to point out the ineffec- 
tiveness of PEEP in controlling postoperative 
hemorrhage. Their study excluded patients 
with ventricular aneurysms as well as those 
being reoperated on for valvular dysfunction, 
‘since this type of surgery is associated with 
adhesions that are often responsible for 
troublesome bleeding. l 

-The populations'in the two articles are basi- 
cally different: the report of Ilabaca and col- 
leagues is a study of patients who bled exces- 
sively (more than 200 ml per hour), while that of 
Zurick and co-workers describes patients who 
did not bleed excessively, with the exception of 
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4 who had to be reexplored (4.8%). Although 
postoperative mediastinal drainage is not 
routinely influenced by PEEP, this does not 
necessarily mean that PEEP will not decrease 
excessive bleeding and perhaps avoid reexplo- 
ration when there is no surgical etiology. 
Some patients are completely intolerant of even 
small amounts of PEEP; in other patients with 
postoperative bleeding, as much as 15 to 20 cm 
H,O of PEEP may be used with minimal 
hemodynamic changes. Zurick and colleagues 
report that 2 of the patients in their series who 
received PEEP had to undergo reoperation; if 
the amount of PEEP had been increased, reex- 
ploration might have been avoided. 

In the report by Iabaca and associates, 11 of 
15 patients were managed with PEEP, yielding 
a total incidence of reexploration of only 0.5% 
in 406 patients. This is significantly better than 
the 4.8% reexploration rate for 83 selected pa- 
tients in the report in this issue. 

The work of Zurick and colleagues negatively 
answers the question of whether there is a need 
for routine PEEP after coronary artery bypass 
surgery. However, do increased amounts of 
PEEP in patients with substantial bleeding 
(greater than 200 ml per hour) reduce the need 
for reexploration? This question appears to 
have an affirmative answer [1], and it has pro- 
voked further study [2]. Since there is no clini- 
cal indication that PEEP causes damage and 
can be administered as long as the patient can 
tolerate it hemodynamically, PEEP may be 
used to control postoperative bleeding while 
coagulation studies are being obtained and 
the operating room is being prepared. 
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ORIGINAL ARTICLES — 


Failure of Positive End-Exp 





iratory 


Pressure to Decrease Postoperative Bleeding 


after Cardiac Surgery 
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'. ABSTRACT To determine whether the application 
of positive end-expiratory pressure (PEEP) in the 
postoperative period after cardiac operation would 
reduce postoperative blood loss, ‘the number of 
transfusions required, or the rate of reoperation for 
bleeding, we conducted a prospective study of 83 
patients who underwent elective coronary revas- 
cularization. These patients were randomly assigned 
to receive either PEEP (10 cm H,O) or no PEEP (zero 
end-expiratory pressure). All other aspects of their 
care were identical. 

There was no statistically significant reduction in 
the amount of bleeding in patients treated with PEEP 
at 8 or 24 hours postoperatively. There was no sig- 
nificant difference in hematocrit between the groups 
preoperatively or postoperatively. There was no 
statistically significant difference in the number of 
reexplorations for bleeding. Finally, there was no 
significant difference between the groups in the 
amount of blood administered. 

On the basis of our results, we conclude that the 
application of PEEP in the postoperative period of 
cardiac operation did not reduce the amount of blood 
loss, the need for reexploration for bleeding, or the 
blood requirements in this group of patients. 


Positive end-expiratory pressure (PEEP) has re- 
‘cently been reported to be a useful adjunct for 
stopping postoperative bleeding and avoiding 
reexploration for bleeding in patients after car- 
diac operations [1]. Positive end-expiratory 
pressure increases mediastinal pressure by aug- 
menting lung inflation and compressing small 
blood vessels, thus aiding in hemostasis. 
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If PEEP stops active bleeding and reduces the 
necessity for reexploration, it would also be ex- 
pected that total chest tube drainage, blood re- 
quirements, and number of patients requiring 
reexploration might be reduced by the routine 
use of PEEP. To evaluate this treatment, a pro- 
spective randomized study was undertaken to 
assess the usefulness of PEEP in decreasing 
postoperative bleeding. 


Materials and Methods 

Eighty-three patients were included in this 
study during April, 1980, and May, 1980. These 
patients underwent purely elective coronary 
artery revascularization. Patients with asso- 
ciated surgical procedures, substantial asso- 
ciated pathology, or preoperative hemody- 
namic instability were excluded. The patients 
were randomized preoperatively on the basis of 
the last digit of their clinical history number; 
odd-numbered patients were assigned to the 
group receiving PEEP, and even-numbered 
patients to the group not receiving PEEP (con- 
trol group). On admission to the intensive 
care unit, the patients in the PEEP group 
were connected to a volume ventilator deliver- 
ing 10 cm H,O of PEEP. The patients in the con- 
trol group were ventilated by either a volume- 
cycled or pressure-cycled ventilator without 
PEEP. 

With the exception of PEEP, all other aspects 
of ventilatory care were similar. Arterial blood 
gases were checked frequently, and normal val- 
ues of pH, PaO, and PaCO, were maintained 
in all patients. Electrocardiograms, arterial, 
central venous, and left atrial pressures, urine 
output, and cardiac output were monitored. 
Mean arterial blood pressure was kept below 90 
mm Hg with the use of sodium nitroprusside. 
Mediastinal drainage was measured hourly, 
and the two groups were compared at 8 and 24 
hours postoperatively. Circulating volume was 
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Table 1. Comparison of Clinical Characteristics in PEEP and Control Groups 








Variable PEEP (10 cm H:O Control 
Number of patients 41 42 

Age (yr)* 55.8 + 8.5 57.1 + 8.1 
Sex 37 Mi4 F 34 Mi8 F 
Weight (kg)? 83.2 + 10.2? ' 77.3 + 10.6” 
BSA (m’)}? 1.97 + 0.15 1.90 0.15 
Number of grafts? 2.60 + 0.8 2.40 + 0.8 
Left internal mammary anastomosis 16 oO M’ 
Reoperations for bleeding 2 2 
Preoperative hematocrit (%)* 41.6 + 1.45 40.9 + 1.7 
One-day postoperative hematocrit (%)* 29.5 45.4 30.2 + 4.6 
Seven-day postoperative hematocrit (%)* 31.7 + 4.2 32.6 + 5.7 


"Mean + standard deviation. 
Significance: p < 0.05. 


PEEP = positive end-expiratory pressure. 


maintained by the administration of crystalloid 
and colloid solution unless the hematocrit was 
less than 26%, in which case packed red blood 
cells or whole blood was transfused. Blood shed 
from the mediastinum was collected in special 
reservoirs with filters* and retransfused to the 
patients in both groups. Residual heparin effect 
was neutralized with protamine sulfate if indi- 
cated by coagulation studies. The data collected 
from both groups were compared by t test, chi- 
square test, and rank sum statistical methods.* 


Results 

Age, sex, body surface area, number of grafts, 
number of internal mammary anastomoses, and 
preoperative hematocrit were comparable in 
both groups (Table 1). All patients in this study 
survived and were disconnected from the re- 
spirator the morning after operation. Two pa- 
tients in the PEEP group and 2 patients in the 
control group required reoperation because of 
postoperative bleeding; in each case, a surgical 
source of bleeding was found. All analyses were 
repeated to include and exclude patients who 
were reoperated on for bleeding; exclusion of 
these patients did not alter the results. The 


*Sorenson Research, Salt Lake City, Utah. 

*Statistical analysis was performed by the Prophet com- 
puter program, a national computer resource supported in 
part by the Biotechnology Resources Program Division of 
Research Resources, National Institutes of Health, Wash- 
ington, DC. 


amount of chest tube drainage did not differ 
significantly for either group at 8 hours, with a 
mean of 360 + 185 ml per hour for the PEEP 
group and 368 + 179 ml per hour for the control 
group. At 24 hours, the cumulative mediastinal 
drainage did not differ significantly (Table 2). 
The Figure shows the percentage distribution 
of mediastinal drainage for the 24-hour period 
for both groups. There was no significant dif- 
ference in hematocrit in either group on the 
first or seventh postoperative day. 

Blood requirements for both groups were 
lew. Seventy-eight percent of patients received 
no blood during their entire hospitalization. Of 
the 18 patients who received blood, 13 received 
two units or less. i 


Comment 

There are multiple variables associated with 
bleeding after cardiac operation [2, 3]. These 
include: (1) an open blood vessel, (2) use of 
vasodilators, (3) dilutional effects on coagu- 
lation factors, (4) thrombocytopenia, and (5) 
inadequate reversal of heparin effect. 

It was hoped that PEEP would assist in com- 
pression of small open blood vessels bleeding 
at a low pressure. This compression would as- 
sist in the normal constriction of the vessel 
lumen, which is part of the normal sequence of 
hemostasis. 

Positive end-expiratory pressure has been 
the subject of considerable controversy [4, 5]. It 
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Table 2. Postoperative Blood Loss and Blood Given? 


Blood Loss (ml) 


Group 8 hr 24 hr 
PEEP 360 + 185 542 + 239 
Control 368 + 179 562 + 261 


aSignificance: p > 0.05 for all variables, 
PEEP = positive end-expiratory pressure. 


PEEP GROUP 
30 

z 

o 

br 

-d 

5 20 

£ 

3 

f 

E 10 

a 

i 

3 

u o 

& “O 200 400 600 800 1000 1200 1500 


TOTAL BLOOD LOSS 
AFTER 24 HOURS 


NO PEEP GROUP 





PERCENT PATIENT POPULATION 


1500 


0 A á a fa § fa. a 
ie) 200 400 600 800 1000 1200 


TOTAL BLOOD LOSS 
AFTER 24 HOURS 


Percentage of patients versus their 24-hour blood loss; 29% 
in the no-PEEP group bled 400 ml in 24 hours, and 21% 
in the PEEP group bled 600 ml in 24 hours. Only 2% in 
each group bled more than 1,200 ml. 


has been used primarily to raise arterial oxygen 
tension and allow ventilation at a lower F1Q,. 
This effect has been thought to be the result of 
decreasing the amount of shunt. However, the 
potential detrimental effects of PEEP for de- 
creasing cardiac output are a concern in pa- 
tients who have undergone a heart operation. 
Positive end-expiratory pressure may affect fill- 


Blood Given 
(Units/Patient)* 


Percent of Patients 
Receiving No Blood 


0.33 + 0.87 
0.75 + 1.42 


85 
70 


ing pressures per se in the postoperative pe- 
riod [6, 7]. Although both right and left venous 
filling pressures will rise, the actual transmural 
filling pressure—the difference between the in- 
side and outside of the ventricle—will fall [8]. 
This effect can cause difficulty in assessing the 
volume status of the patient, and may result in 
additional volume requirements to maintain 
hemodynamic stability. Artificial elevation of 
the filling pressures in the group receiving 
PEEP might account for the fact that 15% more 
patients received blood in the control group 
and that the mean hematocrit was slightly lower 
in the PEEP group. 

There were no controls in the series described 
by Ilabaca and colleagues [1], and the patients 
in that series had PEEP applied only for exces- 
sive bleeding. Since most patients who are 
bleeding postoperatively stop with time, it can- 
not be assumed that the introduction of PEEP 
was responsible for stopping the bleeding. 
While the concept of a positive intrathoracic 
pressure capable of reducing bleeding is attrac- 
tive, it is dangerous to attribute a direct causal 
relationship without controls. 

In this prospective randomized study, the 
routine use of 10 cm HO of PEEP did not favor- 
ably influence the incidence of reoperation for 
bleeding, postoperative mediastinal drainage, 
or blood bank requirements. Since there is no 
evidence to suggest that the routine use of PEEP 
reduces postoperative blood loss, and since the 
use of PEEP can cause hemodynamic .embar- 
rassment, we do not recommend that PEEP be 
utilized in this situation. 
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Clinical and Hemodynamic Results 
with the Carpentier-Edwards Porcine Bioprosthesis 


Conrad Pelletier, M.D., Bernard R. Chaitman, M.D., Richard Baillot, M.D.,’ 
Pere Guiteras Val, M.D., Raoul Bonan, M.D., and Ihor Dyrda, M.D. 


ABSTRACT Carpentier-Edwards bioprostheses were 
implanted in 605 patients, 509 of whom had a single 
valve replacement, and 96 of whom had a multiple 
valve replacement. There were 54 early deaths 
(8.9%) and 26 late deaths (4.3%). The five-year actu- 
arial survival was 87% for aortic valve replacement, 
83% for mitral valve replacement, and 81% for mul- 
tiple valve replacement. Of the 525 survivors, all but 
3 were followed for a total of 964 patient-years; 354 
patients (68%) remained asymptomatic, and 95 pa- 
tients (18%) were improved. The incidences of 
thromboembolism, „endocarditis, and reoperation 
due to primary tissue failure of the bioprosthesis 
were 2.0, 1.3, and 0.1% per patient-year, re- 
spectively. The actuarial probability of being free of 
all valve-related complications was 93% after five 
years. Satisfactory hemodynamic performance of the 
bioprosthesis was demonstrated by postoperative 
studies done in 70 patients. Thus, the Carpentier- 
Edwards porcine valve provides good clinical im- 
provement, with a low incidence of valve-related 
complications and tissue failure at five years post- 
operatively. 


The glutaraldehyde-preserved heterograft is a 
popular valve device because of its silent func- 
tion, low rate of hemolysis, and central flow 
pattern, and because it reduces the risk of sys- 
temic embolism without requiring anticoagu- 
lation [1—3]. Although the hemodynamic per- 
formance of porcine bioprostheses has been 
found satisfactory, these valves have recently 
undergone several modifications to increase 
their effective orifice area [4, 5]. The principal 
concern of their design, however, is durability: 
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primary tissue failure is known to occur over 
time, particularly in younger patients [6, 7]. The 
Hancock bioprosthesis has been the subject of 
numerous studies, but relatively few data have 
been published for the Carpentier-Edwards . 
flexible, support-mounted . heterograft. Since 
tissue preservation methods, stent design, and 
mounting procedures differ from manufacturer 
to manufacturer, it is important to evaluate re- 
sults for the various bioprostheses separately. 

The Carpentier-Edwards _ bioprosthesis, 
which has been used at our. -hospital since May, 
1976, accounts for more than 75% of our valve 
implants. In a previous report, we showed that 
this bioprosthesis has good | hemodynamic 
function in medium and large stent sizes but 
may be mildly stenotic in smaller: stent sizes [8]. 
Since then, the frame of the sewing ring has 
been modified by further thinning of the cloth 
and frame structure to increase the ratio of the 
inner diameter to the outer diameter; this im- 
proved annulus model has been available for 
clinical use since mid-1980. The present re- 
port reviews our total experience with the 
Carpentier-Edwards porcine valve. Clinical re- 
sults are given, and the hemodynamic perfor- 
mance of the standard and improved annulus 
models is evaluated. 


Material and Methods 

From May, 1976, to January, 1981, 699 
Carpentier-Edwards porcine valves were im- 
planted in 605 patients. There were 325 women 
and 280 men, with a mean age of 52 years 
(range, 13 to 76 years). Thirty-one patients (5%) 
were younger than 30 years, and 26 patients 
(4%) were 70 years of age or older at the time of 
operation. Congestive heart failure, the most 
common indication for operation, was found in 
503 patients (83%). Less frequently encoun- 
tered indications included angina in 52 patients 
(9%), embolic episodes in 15 patients (2.5%), 
syncope in & patients (1%), and other condi- 
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Fig.1. New York Heart Association (NYHA) Functional 
Class preoperatively in 605 patients and postoperatively 
in 522 late survivors. Preoperative Class I includes pa- 
tients operated on for reasons other than heart failure 
and angina. 


tions, such as prosthetic dysfunction, infection, 
or hemolysis, in 23 patients (4%). Four patients 
(0.5%) were asymptomatic and underwent oper- 
ation for severe aortic stenosis. The preopera- 
tive functional incapacity of the patients 
studied is shown in Figure 1. The majority of 
the patients were in New York Heart Associa- 
tion Functional Class III or IV; patients operated 
on tor reasons other than heart failure or angina 
are included in Class I. One hundred and 
twenty patients (20%) had had previous valve 
operations. Predominant mitral stenosis was 
the most common valve lesion, appearing in 
208 patients (34%), followed by aortic stenosis 
in 182 patients (30%), and multiple valve dis- 
ease in 96 others (16%). Sixty-six patients (11%) 
were operated on for pure mitral regurgitation, 
and 50 (8%), for pure aortic regurgitation. 

The types of valve replacement and asso- 
ciated surgical procedures done in the patients 
in this series are shown in Table 1. Five- 
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hundred and nine patients (84%) underwent 
a single valve replacement; 96 had a multiple 
valve replacement. Coronary artery bypass 
grafting (CABG) was the procedure most often 
associated with valve replacement, and was 
done in 81 patients (13.4%). A tricuspid an- 
nuloplasty was performed in 38 patients, and 
the ascending aorta was replaced in 9 patients 
because of aneurysmal dilatation. Of the 704 
implants, the standard Carpentier-Edwards 
bioprosthesis was used in 612 procedures and 
the improved annulus model in 87. In 5 patients 
having a multiple valve replacement, other 
prostheses were implanted (2 Hancock valves, 
2 Ionescu-Shiley valves, and 1 Omniscience 
valve*). The procedures were performed using a 
bubbler oxygenator, with moderate hemodilu- 
tion and systemic hypothermia between 22° 
and 25°C. During aortic cross-clamping, cold 
potassium cardioplegia was used for myocar- 
dial protection in 539 patients (89%); topical 
cooling of the heart was associated with car- 
dioplegia in 283 patients (47%). Oral an- 
ticoagulants were given for 2 to 3 months after 
operation unless there was a major contraindi- 


*Omuniscience, Medical Incorporated, Minneapolis, MN. 
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Table 1. Primary and Associated Surgical Procedures in 605 Patients 





Operation No. with CABG? Total No.? 
Valve replacement 
MVR 33 (5.5) 274 (45.3) 
AVR 41 (6.8) 232 (38.3) 
MVR + AVR 6 (1.0) 86 (14.2) 
MVR + tricuspid 0 7 (1.2) 
MVR + AVR + tricuspid 1 (0.4) 3 (0.5) 
Tricuspid 0 3 (0.5) 
Total 81 (13.4) 605 (100.0) 
Associated procedures 
Tricuspid annuloplasty 38 (6.3) 
Replacement of ascending aorta 9 (1.5) 
Closure of ASD 8 (1.3) . 
Closure of VSD 2 (0.3) 
Resection of left ventricular aneurysm 1 (0.2) 
Total 58 (9.6) 


‘Numbers in parentheses are percentages of total (N = 605). 


CABG = coronary artery bypass grafting; MVR = mitral valve EE AVR = aortic valve replacement; ASD = atrial 


septal defect; VSD = ventricular septal defect. 


cation. A permanent regimen of anticoagu- 
lation was maintained in 126 patients (23%) 
because of chronic atrial fibrillation or 
moderate-to-severe left atrial dilatation. 
Patients were seen 2, 6, and 12 months after 
operation for clinical evaluation and were fol- 
lowed yearly thereafter. Data were obtained in 
433 patients (83%) through visits to the valve 
follow-up clinic and (17%) either by telephone 
interview or by their physicians in 89 others. 
The data were coded on a special valve clinic 
coding form and entered into the hospital com- 
puter. Recall of patients was facilitated by 
a computer-generated patient list updated 
on a monthly basis. A postoperative hemo- 
dynamic study was performed in 70 asymp- 
tomatic patients 6 to 15 months after opera- 
tion using previously described techniques [8]. 
The rest and exercise gradients and effective 
orifice areas were measured by simultaneous 
pressure recordings. Mean and peak-to-peak 
systolic gradients across the aortic biopros- 
thesis were determined from five cardiac cycles, 
and the mean diastolic gradient across the mi- 
tral bioprosthesis was determined from five 
diastolic cycles. The effective valve area was 
calculated using the Gorlin formula, with the 


mean gradient determined by manual pla- 
nimetry [9]. 

Statistical analysis of the data was performed 
using Student’s f test and the chi-square test. 
Overall survival and valve-related complica- 
tions were determined by the life-table method 
[10] and expressed as mean + standard error of 
the mean (SEM). 


Results 

Early Mortality 

The operative and early postoperative (30-day) 
mortality was 8.9% (54 patients). The early 
mortality for each surgical procedure is shown 
in Table 2. The mortality for single valve re- 
placement was less than 5%. Mortality in- 
creased to 15.5% in patients having a multiple 
valve procedure (mitral replacement with 
tricuspid annuloplasty, or double or triple valve 
replacement). In patients who had CABG oper- 
ation associated with valve replacement, the 
operative mortality was 22.2%; this figure in- 
cludes 3 patients in whom the ascending aorta 
was also replaced. Nine of the 54 patients who 
died early (15.7%) had had a previous valve re- 
placement and were undergoing reoperation for 
valve dysfunction or additional valve disease. 
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Table 2. Early (30-Day) Mortality for Types cf Valve Replacement 


No. of 

Procedure Patients 
MVR 214 
AVR 191 
Tricuspid valve replacement 3 
Multiple valve replacement 116 
Valve replacement + CABG 81 

Total 605 


No. of Early 

Deaths Mortality (%) 
9 4.2 
9 4.7 
0 0 

18 15.5 

18 22.2 

54 8.9 


MVR = mitral valve replacement; AVR = aortic valve replacement; CABG = coronary artery bypass grafting. 


Table 3. Causes of Early and Late Death 


Etiology 


Cardiac causes ; 43 (80) 
Heart failure 
Infarction 
Sudden death (arrhythmia) 

Valve-related causes 0 
Embolism 
Reoperation 
Endocarditis 

Noncardiac causes 10 (18) 
Hemorrhage 
Cerebral ischemia 
Others 

Unknown causes 1(2) 

Total 54 


No. of Early Deaths” 


No. of Late Deaths? 


10 (38.5) 
27 
1 1 
5 7 
5 (19) 
2 
2 
1 
10 (38.5) 
8 1 
1 0 
1 9 
1(4) 
26 


Numbers in parentheses are percentages of total for each column. 


Cardiac problems were responsible for 80% of 
the early deaths (Table 3). The cause of death is- 
unknown in 1 patient, who died shortly after 
leaving the hospital. 


Late Mortality 


There were 26 late deaths (4.3%), which oc- - 


curred from 2 to 44 months after operation 
(average, 17 months). Twelve deaths occurred 
iri patients who had mitral valve replacement 
(MVR), 12 in patients who had aortic valve re- 
placement (AVR), and 2 in patients who had 
multiple valve replacement. There were no 
deaths in the 3 patients undergoing isolated re- 
placement of the tricuspid valve. Late mortality 
averaged 2:7% per patient-year. Death was due 
to cardiac causes in 10 patients and to noncar- 


diac causes in 10 others (see Table 3). In 5 pa- . 
tients, death was caused by valve-related com- 
plications. 

Late survival determined by the actuarial 
method showed that the five-year probability 
of survival was 87 + 4% (mean + SEM) for 
AVR, 83 + 4% for MVR, and 81 + 5% for multi- 
ple valve replacement (Fig 2). The overall mor- 
tality was directly correlated (p < 0.001) with 
the preoperative functional incapacity (Table 4). 


Clinical Improvement 

Of the 525 survivors, 522 patients (99.4%) were 
followed for 6 to 61 months after operation 
(average follow-up, 22 months), for a total 
of 964 patient-years of follow-up. When last 
seen, 354 patients (67.8%) were completely 
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Fig 2. Actuarial survival for aortic, mitral, and multiple 
valve replacement, including early mortality. Patients 
at risk at the beginning of each interval are shown along 
the abscissa. Dashed lines indicate intervals with fewer 
than 50 patients at risk in each group. 


asymptomatic, 95 patients (18.2%) had im- 
proved by at least one functional class, and 73 
others (14%) showed no improvement or con- 
tinued to deteriorate postoperatively. Before 
operation, 60% of the 605 patients were in 
Functional Class II or IV, while 93% of the 522 
survivors remained in Class I or If after opera- 
tion (see Fig 1). The rate of clinical improve- 
ment was similar for each type of valve re- 
` placement (p > 0.05; Table 5). 


Valve-related Complications 

There were no cases of valve thrombosis. 
Nineteen embolic episodes occurred in 17 pa- 
tients (2% per patient-year); three of these 


episodes were associated with a residual 
neurological deficit, and two were fatal. The in- 
cidence of embolism for AVR, MVR, and multi- 
ple valve replacement was 1.7, 1.5, and 2.8% per 
patient-year, respectively. After 5 ‘years, the 
probability, determined by actuarial analysis, 
of being free of thromboembolic complications 
was 95.2 + 1.4% (Fig 3). There were twelve epi- 
sodes of endocarditis (1.3% per patient-year) in 
10 patients, including one operative infection, 
and one death. All of these episodes occurred 
within 2 years of operation, after which time 
the probability of remaining free of infection 
was 97.7 + 0.7% (Fig 4). In 3 patients, blood 
cultures were negative. 

Reoperation was required in 5 patients dur- 
ing the follow-up period (0.5% per patient- 
year). At reoperation, the Carpentier-Edwards 
bioprosthesis was intact in 4 patients. In 1 pa- 
tient, a different heart valve was replaced be- 
cause of disease progression, and a Hancock 


Table 4. Correlation between Preoperative Functional Incapacity and Overall Mortality (Early and Late)? 


Preoperative NYHA No. of Patients 
Functional Class (N = 605) 

I and I 245 

Il 304 

IV 56 


"Significance: p < 0.001. 
NYHA = New York Heart Association. 


No. of Deaths 

(N = 80) Mortality (%) 
17 i 69 

48 15.8 

35 26.8 
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Table 5. Degree of Postoperative Clinical Improvement for Valve Replacement Procedures (N = 522) 


Valve 
Replacement 
Procedure No. Asymptomatic? 
Mitral 145 (61.2) 
Aortic 154 (75.1) 
Tricuspid . 3 (100) 
Multiple 52 (67.5) 
Total? 354 (67.8) 


No. Improved? Total No.” 
53 (22.3) 198 (83.5) 
25 (12.2) 179 (87.3) 
0 300) | NS 
17 (22.1) 69 (89.6) 
95 (18.2) 449 (86.0) 


aNumbers in parentheses are percentages of total for each procedure. 
Numbers in parentheses are percentages of total number of survivors followed. 


NS = not significant (p > 0.05). 


bioprosthesis was removed because of tissue 
failure in another patient. A major paravalvular 
leak was repaired in an aortic Carpentier- 
Edwards bioprosthesis in 2 patients. In only 1 
patient (0.1% per patient-year) was reoperation 
performed because of primary tissue failure of a 
Carpentier-Edwards bioprosthesis; this failure 
occurred 5 years after initial implantation in 
the aortic position in a 16-year-old girl. The 


Fig 3. Freedom from thromboembolism in patients leav- 
ing hospital after valve replacement with Carpentier- 
Edwards bioprosthesis (SEM < 1.5%). Patients at risk 
at the beginning of each interval are shown along the 
abscissa. 
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bioprosthesis showed dense calcification of 
the leaflets, one of which was ruptured. After 
5 years,. the actuarial probability of the 
Carpentier-Edwards valve remaining free of all 
valve-related complications was 92.7 + 1.4% 
(Fig 5). 

There were five hemorrhagic complications 
(0.5% per patient-year) due to anticoagulation 
in the 126 patients maintained on long-term 
treatment. One death occurred. 


Postoperative Hemodynamic Studies 

AORTIC VALVE BIOPROSTHESIS. Of the 35 aortic 
bioprostheses studied, 29 were the standard 
model and 6 were the improved annulus model. 
The peak systolic gradient averaged 11.4 + 1.1 


YEARS AFTER OPERATION 
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Fig 4. Freedom from endocarditis after valve replace- 
ment with Carpentier-Edwards bioprosthesis (SEM < 
1%). (PTS = patients.) 
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Fig 5. Actuarial probability of remaining free of all 
valve-related complications after replacement with 
Carpentier-Edwards bioprosthesis (SEM < 1.5%). Pa- 
tients at risk at the beginning of each interval are shown 
along the abscissa. Dashed line indicates intervals with 
fewer than 50 patients at risk. (PTS = patients.) 
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PEAK GRADIENT 


21-23 


25-27 


VALVE SIZE (mm) 


Fig 6. Residual peak systolic gradient across the 
Carpentier-Edwards bioprosthesis in the aortic position 
at rest (R) in 35 patients and during exercise (EX) in 30 
patients, according to valve stent size. The cardiac out- 
put (CO) is shown along the top of the figure. The dif- 
ference between the rest and exercise gradients was 
statistically significant only for the 25 to 27 mm group, 
(NS = not significant). 


mm Hg at rest (mean + SEM; range, 2 to 28 mm 
Hg). The gradient decreased with increasing 
stent size, averaging 13.4 + 2.2 mm Hg for the 
21 to 23 mm valves, 11.3 + 1.5 mm Hg for the 25 
to 27 mm valves, and 7.5 + 2.2 mm Hg for the 29 
to 31 mm valves (Fig 6). Ergometric exercise 





29-31 


studies performed in 30 patients showed that 
cardiac output increased by an average of 82%, 
and that the gradient across the bioprosthesis 
also increased in each valve size group, al- 
though it was significant only in the 25 to 27 
mm valves (p = 0.01; see Fig 6). The effective 
orifice area averaged 1.4 + 0.1 cm? (range, 0.5 to 
2.8 cm?) at rest and increased significantly with 
the size of the bioprosthesis (Table 6). During 
exercise, the effective orifice area increased in 
each stent size. Average increases were 12% for 
21 to 23 mm valves, 15% for 25 to 27 mm valves, 
and 26% for 29 to 31 mm valves; however, the 
difference was significant (p < 0.05) only for 
the 25 to 27 mm valves (see Table 6). Since 


Table 6. Effective Orifice Area of Aortic Bioprostheses at Rest (35 Patients) 
and during Exercise (30 Patients) . 


Aortic Stent Size 





Effective area (cm?)* 


21-23 mm 
Variable (N = 12) 
Rest 1.14 + 0.09 
Exercise 1.28 + 0.09 
Cardiac output 
Increase with exercise 80% 


*Mean + standard error. 
»Difference between sizes: p < 0.05. 
°Difference between rest and exercise: p < 0.05, 


25-27 mm 29-31 mm 
1.37 + 0.07% 1.93 + 0.25» 
1.57 + 0.11° 2.43 + 0.34 
85% 85% 
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Fig 7. Residual mean diastolic gradient across the 
Carpentier-Edwards bioprosthesis in the mitral position 
at rest (R) in 35 patients and during exercise (EX) in 30 
patients, according to valve stent size. The cardiac out- 
put (CO) is shown along the top of the figure. The dif- 
ference between the rest and exercise gradients was 
statistically significant for both groups. 


the hemodynamic performance of the improved 
annulus model was similar to that of the 
standard model (1.13 cm? versus 1.29 cm’), they 
were grouped together for the analysis. Grade 
V4 prosthetic regurgitation was found in 7 pa- 
tients, and grade 2/4, in 1 patient. 

MITRAL VALVE BIOPROSTHESIS. Hemodynamic 
studies were performed in 35 patients with mi- 
tral bioprosthesis. There were 25 standard and 
10 improved annulus valves. The mean mitral 
gradient at rest was 6.4 + 0.4 mm Hg (range, 2 
to 12 mm Hg) and was correlated with stent 
size, averaging 7.1 + 0.6 mm Hg for the 27 to 29 
mm group, and 5.1 + 0.3 mm Hg for the 31 to 33 
mm group (Fig 7). Measurements obtained 
during exercise in 30 patients showed that car- 
diac.output increased by an average of 58% and 
that the mean diastolic gradient increased sig- 
nificantly in both groups (p < 0.001). The 
resting effective orifice area of the mitral valve 
bioprosthesis averaged 2.5 + 0.1 cm? (range, 1.4 
to 4.0 cm?) and increased with stent size (Table 
7). With exercise, the average area increased by 
20% in the 27 to 29 mm group and by 17% in 
the 31 to 33 mm group (p < 0.01; see Table 7). 
The improved annulus bioprosthesis tended to 
have a slightly larger orifice area than the 






Table 7. Effective Orifice Area of Mitral 
Bioprostheses at Rest (35 Patients) and during 
Exercise (30 Patients) 


Mitral Stent Size 


27-29 mm 31-33 mm 
Variable (N = 22) (N = 13) 
Effective area 
(cm?) 

Rest 2.33 + 0.14 2.68 + 0.16 

Exercise 2.80 + 0.22? 3.14+0.24° 
Cardiac output 

Increase with 54% 67% 


exercise 


®Mean.= standard error. 
‘Difference between rest and exercise: p < 0.01. 


standard valve (mean, 2.7 and 2.3 cm?, respec- 
tively), but since the difference was not sig- 
nificant, both models were grouped together 
for the analysis. Grade 1/4 mitral regurgitation 
was seen in 2 patients, and grade 2/4, in 1 pa- 
tient. 


Comment 

After a decade of extensive use, the value of 
biolagical valve devices is well recognized. 
However, few data have been reported for the 
Carpentier-Edwards valve, because it has only 
been available for clinical use since 1976. In the 
present study, a cohort of 605 patients in whom 
this porcine valve was implanted was fol- 
lowed prospectively using a computer-based 
follow-up program.. 

The early mortality in this series is similar to 
that of other studies [11-13]. The operative risk 
in patients undergoing associated coronary and 
valve surgery has been decreasing lately, most 
likely because of better myocardial protection 
teconiques during operation [14]. The five-year 
survival, which includes operative deaths, is 
also comparable to that reported for other me- 
chanical or biological valves [12, 13, 15, 16]. Lit- 
tle difference in late survival with different 
valve devices is to be expected, since survival is 
mainly determined by the preoperative cardiac 
status, and most late deaths are due to cardiac 
conditions rather than to valve-related compli- 
cations, as shown by this study and others [13, 
15, 16]. 
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The principal advantage of biological valves 
is freedom from anticoagulation on a perma- 
nent basis in most patients. In more than 75% 
of our patients, anticoagulants were discon- 
tinued 2 to 3 months after surgery. Of the 126 
patients maintained on a permanent anti- 
coagulation regimen for cardiac reasons, 5 pa- 
tients (4%) suffered hemorrhagic complica- 
tions, which led to death in 1 patient. Thus, the 
overall incidence of hemorrhage was 0.5% per 
patient-year in this series. This rate compares 
favorably to the incidence of 4.3% per patient- 
year with the Starr-Edwards prosthesis [13] and 
to the aggregate rate of 8% for major hemor- 
rhage after 4 years in a Bj6rk-Shiley valve series 
[15]. In the latter study, more than 50% of the 
patients had suffered a major or a minor hemor- 
rhagic episode after 4 years. 

Thromboembolic complications, infrequent 
in most series of porcine heterograft implants 
{12, 16, 17], were also uncommon in our pa- 
tients. In contrast with the findings of Oyer and 
colleagues [18], the rate of embolic episodes did 
not increase during the early postoperative pe- 
riod, probably as a result of a short-term an- 
ticoagulation regimen administered after oper- 
ation in our patients. Instead, the actuarial 
curve shows a low but constant tendency to- 
ward embolism throughout the follow-up pe- 
riod, as was also the case with the Bjork-Shiley 
prosthesis [15]. While the overall incidence of 
embolism in the present study is similar to that 
reported for the Angell-Shiley valve (1.3% per 
patient-year) [17] and the Hancock biopros- 
thesis (2.9% per patient-year) [16], it compares 
favorably with the 4.4% per patient-year em- 
bolic rate for the Starr-Edwards prosthesis [13], 
and to the 85 to 88% chance of being free of that 
complication after 4 years with the Bjérk-Shiley 
valve [15]. In a recent review of their experience 
with the Ionescu-Shiley pericardial valve, 
Becker and associates [19] reported a cumulative 
thromboembolism-free rate of 94% at 3 to 4 
years for AVR and of 71% for MVR. Since 80% 
of the episodes in the latter group occurred in 
patients who had atrial fibrillation, anticoagu- 
lation was strongly recommended for this con- 
dition. We did not observe any significant dif- 
ference in embolic rate between aortic and 
mitral bioprotheses, and this may be attributed 


to our policy of giving anticoagulants to pa- 
tients with atrial fibrillation. 

Prosthetic valve thrombosis is not a rare 
complication with mechanical valve devices, 
and it is frequently fatal. A cumulative inci- 
dence of 3% after 4 years was reported for the 
Bjérk-Shiley prosthesis in the aortic position; in 
the mitral position, a 13% incidence for the 
Bjérk-Shiley and a 10% incidence for the 
Lillehei-Kaster valves were found despite an- 
ticoagulation [15, 20]. Isolated instances of this 
complication have also occurred with Hancock 
bioprostheses [21]. Valve thrombosis, however, 
has not been observed in the present study. 

The hemodynamic performance of the 
Carpentier-Edwards valve appears to be satis- 
factory. In the mitral position, residual gra- 
dients with most mechanical and biological 
devices are similar [4, 22-24]. However, the ef- 
fective orifice area of the Carpentier-Edwards 
value appears larger than most, and approaches 
that reported recently for the St. Jude prosthesis 
[24]. In the aortic position, the Carpentier- 
Edwards valve is less obstructive than most 
mechanical devices [22, 23, 25] except the 
Hall-Kaster valve [26], and the gradient across 
the device is similar to that of the Hancock 
modified-orifice valve [27]. The effective orifice 
area is adequate, except in the smaller stent 
sizes where it is slightly stenotic. In addition, 
the increase in effective valve area with flow 
suggests some degree of valve leaflet inertia as a 
possible cause for smaller calculated surface 
areas of the bioprosthesis at low flow rates [8]. 

The Carpentier-Edwards bioprosthesis re- 
cently underwent modifications in its stent 
structure in order to improve the ratio of the 
inner diameter to the outer diameter, but this 
new design does not seem to have resulted 
in any appreciable improvement in the hemo- 
dynamic function in vivo. However, small- 
sized aortic valves (19 to 21 mm) were used 
in only 53 of our valve replacements (7.5%), 
despite the fact that aortoplastic enlargement of 
the aortic root was seldom performed. The nar- 
row sewing ring of this valve may allow the in- 
sertion of larger sizes than would be possible 
with other bioprostheses. In contrast, Sanders 
and colleagues [7] have recommended that 
Hancock valves smaller than 25 mm should not 
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be used in the aortic position and that surgical 
enlargement should be performed in the small 
aortic annulus [4, 7]. Similarly, suboptimal 
hemodynamic performance has been reported 
with the Angell-Shiley porcine valve in both 
the aortic and mitral positions [28]. 
Substantial clinical improvement was ob- 
tained with the Carpentier-Edwards valve, 
with 93% of the survivors remaining in Func- 
tional Class I or II after valve replacement; these 
results are comparable to those of others using 
either mechanical valves or bioprostheses [12, 
15, 16, 19, 20]. However, the long-term dura- 
bility of bioprostheses is still a major concern. 
The currently reported incidence of tissue fail- 
ure of the valve is increasing with the availabil- 
ity of longer follow-up data. Calcification and 
leaflet tear are known to occur, particularly 
among younger patients, and the collagen 
framework of porcine valves has been found to 
deteriorate progressively over time [7, 29, 30]. 
According to Magilligan and co-workers [6], the 
incidence of valve failure increases sharply after 
5 years and reaches almost 50% in patients 35 
years of age or younger, compared with a rate of 
about 10% in older patients. However, primary 
tissue failure of a Carpentier-Edwards valve oc- 
curred in only 1 patient in the present series, 
which includes 31 patients who were younger 
than 30 years of age at the time of operation. 
Degeneration of the bioprosthesis became 
manifest 5 years postoperatively in this patient, 
requiring reoperation. Although the rest of our 
younger patients are still free of clinical evi- 
dence of valve dysfunction, other instances of 
valve failure may be observed as these indi- 
viduals move past the 5-year turning-point. 


Conclusion 

The Carpentier-Edwards bioprosthesis is a safe 
and reliable heart valve device that provides ex- 
cellent clinical improvement. The incidence of 
valve-related complications remains low up to 5 
years, and freedom from long-term anticoagu- 
lation in most patients appears to be the major 
advantage over mechanical valves. Because of 
the high occurrence of primary tissue failure of 
bioprostheses in young patients, the Carpen- 
tier-Edwards valve should probably not be the 
primary choice for them; however, further 


studies are needed to determine the cut-off age 
at which the incidence increases. Also, the 
long-term durability of this bioprosthesis still 
needs to be assessed by longer iollow-up ob- 
servation. The Carpentier-Edwards valve has 
shown satisfactory hemodynamic function, al- 
though it is mildly stenotic in smaller stent 
sizes. Future improvements to the valve should 
aim at increasing the inner diameter and mod- 
ifying the sewing ring to permit insertion of 
larger size valves. 
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Discussion . 

DR. DONALD J. MAGILLIGAN JR (Detroit, MI): In, Oc- 
tober, 1981, we at Henry Ford Hospital in Detroit 
marked the tenth year in which we have used por- 
cine bioprosthetic valves. With each year, we have 
seen a greater number of valves run the risk of de- 
generation; in fact, two years ago, in the eighth year, 
we reported the removal of 10 valves because of 
spontaneous degeneration. At this point we expected 
that the reoperation rate would increase linearly, but 
this did not occur; in 1981, we took out only half of 
the 20 valves that we predicted would need to be re- 
moved. The valves that were removed during 1981 
were from the same group as those removed in the 
eighth year—valves that were implanted in the sec- 
ond and third ‘years of our experience. 

We suspect that the bioprostheses manufactured 
subsequent to this time provide greater durability. 
We are optimistic enough about this to have given 22 
patients a second bioprosthesis when their first valve 
degenerated . These patients are older now, and they 
have been followed for a shorter period. However, 1 | 
patient whose bioprosthesis degenerated at 40 
months has now gone 56 months without failure. We 
can conclude from this that degeneration does not 
appear to be an immunological event. 

In their paper, Dr. Pelletier and his colleagues state 
that they used the Carpentier-Edwards valve in only 
75% of their implants. I would like them to be more 
specific about their selection criteria for a biopros- 
thesis. I would also like them to comment on the use 
of short-term anticoagulation. Finally, I would like to 
commend the authors on their precise and exhaus- 
tive reporting of results. This paper adds substan- 
tially to our knowledge of bioprosthetic valve func- 
tion. 


DR. ERIC JAMIESON (Vancouver, BC, Canada): By 
March, 1980, we had placed Carpentier-Edwards 
valves in 700 patients at the University of British Co- 
lumbia, the St. Paul’s Hospital and the Vancouver 
General Hospital. The duration of follow-up for these 
patients is similar to that for the 605 patients de- 
scribed by Dr. Pelletier and his co-workers. Early and 
late mortality rates are also similar for both groups. 
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The incidence of thromboembolism in our series was 
slightly lower, at 1.4% per patient-year (15 episodes), 
compared with 2% per patient-year (19 episodes) in 
the Montreal series. However, embolism-free rates in 
both groups were similar: 96.4% in our patients, 
compared with 95.2% in the Montreal series. We had 
four fatal emboli. The major emboli occurred in pa- 
tients who had mitral valve replacement, or in pa- 
tients receiving multiple valves who were in atrial 
` fibrillation. Ten percent of our patients who had aor- 
tic valve replacements and 45% of those undergoing 
mitral and multiple valve replacements were given 
long-term anticoagulation. I would like to ask Dr. 
Pelletier to comment on the role of anticoagulation in 
the patients who were at high risk of thromboem- 
bolism. 

Infective endocarditis was also a problem in our 
series. The incidence was 0.76% per patient-year, or 
8 episodes, and there were five deaths. Primary valve 
dysfunction was seen in 1 patient, a 15-year-old girl 
with a calcified prosthesis. Our survival and func- 
tional improvements were similar to the results of 
Dr. Pelletier and his colleagues. We did not evaluate 
the hemodynamic status of the patients in the post- 
operative period. 

We have continued to use the Carpentier-Edwards 
valve almost exclusively. To date we have placed 
1,200 valves in 1,100 patients. Primary valve dys- 
function has occurred in 4 patients, resulting from 
calcification in 2 children and from torn cusps in 2 
adult patients. 


DR. PELLETIER: In reply to Dr. Magilligan, we do not 
routinely implant a bioprosthesis in all patients. We 
currently use mechanical valve devices in approxi- 
mately 25% of our patients. In selecting a valve sub- 
stitute, we try to match the valve device to the 
patient’s needs. Young patients appear to be more sus- 
ceptible to early degeneration of tissue valves, as Dr. 
Magilligan and his group reported a year ago; there- 
fore, we generally recommend a mechanical pros- 
thesis in patients younger than 30 to 35 years of age. 
We also prefer a mechanical prosthesis to a biological 
valve in those patients at higher risk for thrombo- 
embolic events after operation, including patients 
with chronic atrial fibrillation, a markedly enlarged 
left atrium, or atrial thrombosis. Long-term an- 
ticoagulation will have to be maintained in this 
group of patients, negating the main advantage of 
the bioprosthesis. We give anticoagulants to all pa- 
tients with porcine valves for two to three months 
following operation; after this time, the anticoagu- 
lants are progressively stopped over a period of 7 to 10 
days. Only those patients presenting major risk fac- 
tors for thromboembolic complications are left on 
permanent anticoagulation. 

In regard to Dr. Jamieson’s comments, it is striking 
to see the great similarities between our findings and 
the results obtained by his group in Vancouver. An- 
ticoagulation was maintained in 23% of the patients 
in our series, most of whom had MVR or double 
valve replacement. Very few patients were kept on 
permanent anticoagulation following AVR. 
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ABSTRACT The Carpentier-Edwards porcine valve 
prosthesis has afforded our patients a satisfactory 
quality of life and a low incidence of valve-related 
complications at follow-up periods of up to five 
years. From December, 1975 to March, 1980, 768 
prostheses were implanted in 700 patients (aortic 
valve replacement [AVR], 334; mitral valve replace- 
ment [MVR], 292; tricuspid valve replacement 
[TVR], 6; and multiple valve replacement, 68). One 
hundred and thirty-seven patients (19.6%) had had 
previous cardiac operations. Concomitant aortocoro- 
nary bypass was performed in 127 patients (18.1%). 
There were 52 hospital deaths, for a mortality of 
7.4% (AVR, 4.8%; MVR, 9.2%; multiple valve re- 
placement, 11.8%). Total follow-up was 1,047 
patient-years (range, 6 to 60 months, mean, 19.4 
months). There were 33 late deaths (AVR, 1.7% per 
patient-year; MVR, 4.0% per patient-year; multiple 
valve replacement, 8.1% per patient-year). Eight 
percent of AVR patients and 47% of MVR and 
multiple valve replacement patients were taking 
anticoagulants, The valve-related complications (ex- 
pressed as events per 100 patient-years) were as fol- 
lows: (1) thromboembolism (AVR, 0.94; MVR, 1.42; 
multiple valve replacement, 4.62); (2) infective en- 
docarditis (AVR, 0.94; MVR, 0.24; multiple valve 
replacement, 2.31); (3) periprosthetic leak (AVR, 0.94; 
MVR, 0.71; multiple valve replacement, 3.46); and (4) 
valve dysfunction (MVR, 0.24). The only case of 
valve dysfunction was a calcified mitral prosthesis 
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in a 13-year-old girl. Actuarial survival, including 
operative deaths, was as follows: AVR, 90.5% at 36 
months; MVR, 84% at 36 months; and multiple 
valve replacement, 74% at 24 months. Of surviving 
patients, 93.6% were in New York Heart Association 
Class I or II at follow-up evaluation. 


The glutaraldehyde-preserved porcine hetero- 
graft has been extensively utilized over the past 
eight years as a cardiac valve substitute. The 
Hancock and the Carpentier-Edwards prosthe- 
ses have both been implanted in considerable 
numbers of patients. The Carpentier-Edwards 
valve, however, has not been observed for as 
long a period as the Hancock valve. The Han- 
cock valve has been thoroughly evaluated with 
regard to functional performance in patients, 
hemodynamic variables, incidence of endocar- 
ditis and thromboembolism, complications of 
anticoagulation, and durability [1-10]. Docu- 
mentation on the clinical and hemodynamic 
performance of the Carpentier-Edwards por- 
cine valve is limited because the prosthesis was 
not introduced for clinical use until 1975 [11- 
16]. 

The Hancock porcine valve has been shown 
to provide excellent functional performance, a 
low rate of thromboembolism, and resistance 
to endocarditis [1, 3, 5, 17]. The problems 
identified with the Hancock valve have been 
high gradients in small aortic prostheses, inter- 
nal “creep” of the struts of the prosthesis, and 
structural changes with collagen degeneration 
and calcification [7, 8, 18-21]. The Carpentier- 
Edwards valve must also undergo a thorough 
evaluation, because there are differences be- 
tween this valve arid the Hancock prosthesis 
in tissue fixation and preservation, tissue se- 
lection and mounting, and construction. The 
Carpentier-Edwards valve is mounted on a 
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thin-walled Elgiloy flexible metal stent that is 
constructed to permit a favorable annulus-to- 
internal-diameter ratio. 


Materials and Methods 
Data Base 


Between December, 1975, and March, 1980, 
768 Carpentier-Edwards porcine heterograft 
prostheses were implanted in 700 patients. 
There were 386 men and 314 women ranging 
in age from 8 to 81 years, with a mean of 55.8 
years. Valve replacements were performed 
singly in the aortic position in 334 patients (252 
men and 82 women), in the mitral position in 
292 patients (110 men and 182 women), and in 
the tricuspid position in 6 women. Multiple 
valve replacements were performed in 68 pa- 
tients (24 men and 44 women). 


Preoperative Status 

Patients’ symptoms were classified according 
to the New York Heart Association (NYHA) 
Functional Classification (Fig 1). At the time of 
operation, the majority of the patients were in 
Class III or IV (57.1% in Class II and 16.7% 
in Class IV). The remaining patients, 25.4% in 
Class II, and 0.7% in Class I, were primarily 
those with aortic stenosis. One hundred and 
thirty-seven patients, or 19.6% of our series, 
had had previous cardiac surgery (previous 
valve replacement, 71; commissurotomies, 57; 
congenital heart defects, 8; and aortocoronary 
bypass, 1). 

Other cardiac procedures were performed 
concomitantly with valve replacement in 188 
patients (26.9% of the total). Concomitant aor- 
tocoronary bypass was performed in 127 pa- 
tients (18.1%). Sixteen patients had resection 
of an ascending aortic aneurysm, and 34 had 
commissurotomy or annuloplasty of another 
valve. There was also one left ventricular 
myomectomy for idiopathic hypertrophic sub- 
aortic stenosis, and one resection of a left ven- 
tricular aneurysm. 


Myocardial Preservation 

In the early part of this series, 34 procedures 
were performed using anoxic arrest or perfu- 
sion (AVR, 12; MVR, 17; TVR, 2; multiple valve 
replacement, 3). Cold crystalloid potassium 
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Fig 1. Preoperative and postoperative New York Heart 
Association Functional Classification. 


cardioplegia was used in each of the remaining 
666 patients. 


Anticoagulation 

Long-term anticoagulation was controlled by 
the attending cardiologist. The vast majority of 
patients with chronic atrial fibrillation or a large 
dilated left atrium received long-term an- 
ticoagulants. In addition, some cardiologists 
maintained all patients who had a mitral pros- 
thesis on long-term anticoagulation. A small 
number of patients, however, who under- 
went operation prior to the clear delineation of 
such indications, did not receive anticoagu- 
lants, despite the presence of atrial fibrillation or 
a dilated left atrium. Anticoagulants were also 
contraindicated in a few patients for reasons of 
geography or poor patient compliance. — 


Follow-up Evaluation 

The current clinical evaluation was obtained by 
direct contact with all patients, their attending 
physicians, or both. The average duration of 
follow-up of surviving patients was 19.4 
months (range, 6 to 60 months). The cumulative 
follow-up for all patients was 1,047 patient- 
years (AVR, 530 patient-years; MVR, 422 
patient-years; TVR, 9 patient-years; multiple 
valve replacement, 86 patient-vears). The pa- 
tient evaluation was 98.7% complete. Four pa- 
tients live outside continental North America, 
and 5 others have been lost to follow-up. 


Thromboembolism 

Thromboembolic events included all docu- 
mented peripheral arterial emboli and all 
new neurological deficits, whether permanent 


wa 
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or transient, that occurred beyond the intra- 
operative period. Neurological events that were 
thought to have occurred intraoperatively were 
not considered thromboembolic events, and 
were recorded separately. 


Valve Dysfunction 

Valve dysfunction was defined as the develop- 
ment of stenosis, thrombosis, or insufficiency 
in the prosthesis. Periprosthetic leakage and 
infective endocarditis were considered valve- 
related complications rather than valve dys- 
function. 


Statistical Analysis 

Patient survival and the incidence of throm- 
boembolism are expressed by the life-table 
method. Late mortality and the incidence of 
thromboembolism, valve dysfunction, peri- 
prosthetic leakage, and infective endocarditis 
are expressed as linear occurrence rates. 


Results 

Early Mortality and Complications 

The overall hospital (30-day) mortality for the 
700 patients in the series was 7.4%, or 52 pa- 
tients (Table 1). Aortic valve replacement was 
performed in 334 patients, with 16 hospital 
deaths (4.8%). Single mitral valve replacement 
was done in 292 patients, with 27 deaths 
(9.2%). Tricuspid valve replacement was done 
in 6 patients, with 1 death (16.7%). Multiple 
valve replacement was performed in 68 pa- 
tients, with 8 deaths (11.8%). 


Table 2. Causes of Early Postoperative Death 


Table 1. Operative and Early (30-Day) Mortality . 


Valve 
Replacement No. of No. of Mortality 
Operation Patients Deaths (%) 
Aortic 334 16 4.8 
Mitral 292 27 9.2 
Tricuspid 6 1 16.7 
Multiple 68 8 11.8 
Total 700 52 7.4 


The etiology of operative and early post- 
operative death (30-day hospital mortality) is 
detailed in Table 2. Of the 52 deaths, 32 (62%) 
were attributed to low output syndromes. The 
other causes of mortality were technical errors 
in 5 patients, hemorrhage in 5, congestive heart 
failure and arrhythmias in 5, aortic dissection 
in 2, infective endocarditis in 1, cerebrovascular 
accident in 1, and complications of anticoagu- 
lant therapy in 1. 

There were 63 major nonfatal operative 
complications in the series. Twenty-three cere- 
brovascular accidents occurred, 18 intraopera- 
tively and 5 postoperatively. Heart block oc- 
curred in 22 patients, requiring insertion of 
permanent cardiac pacemakers. There were 8 
cases of sternal dehiscence, 4 of periprosthetic 
leakage, 5 of renal failure, and 1 of left ven- 
tricular outflow obstruction by a strut of a mi- 
tral prosthesis (early reoperation was required 
for reorientation of this prosthesis). 


Vaive Replacement (No. of Patients) 





Cause Aortic 


Low output syndrome 

Surgical technical error 

Hemorrhage 

Arrhythmia 

Aortic dissection 

Congestive heart failure 

Infective endocarditis 

Cerebrovascular accident 

Complications of anticoagulants 
Total 
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Mitral Tricuspid Multiple 
17 1 5 
5 0 0 
2 0 2 
2 0 1 
1 0 0 
0 0 0 
0 0 0 
0 0 0 É 
0 0 0 
27 1 8 
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Table 3. Causes of Late Postoperative Death 


Valve Replacement (No. of Patients) 





Cause 


Thromboembolism 
Infective endocarditis 
Periprosthetic leakage 
Congestive heart failure 
Acute myocardial infarction/arrhythmia 
Sepsis l 
Suicide 
Carcinoma 
Thoracic aneurysm 
Total ; 
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Late Mortality and Complications 

There have been 33 late deaths in the series 
(4.7%). The overall late mortality, expressed as 
a linearized occurrence rate, was 3.2% per pa- 
tient-year. The late mortality is 1.7% per patient- 
year for AVR (9 events), 4.0% per patient- 
year for MVR (17 events), and’ 8.1% per 
patient-year for multiple valve replacement (7 
events). The causes of late mortality are detailed 
in Table 3. Valve-related causes include throm- 
boembolism in 4 patients, infective endocar- 
ditis in 5 patients, and periprosthetic leakage in 
2 patients. Cardiac causes are congestive heart 
failure in 9 patients and acute myocardial in- 
farction or arrhythmia in 8 patients. There were 
5 noncardiac deaths: 1 of sepsis, 1 of suicide, 2 
of carcinoma, and 1 of a ruptured thoracic 
aneurysm. 

Survival of patients, expressed by the life- 
table method, is 86 + 3.4% at 36 months, in- 
cluding operative deaths (Fig 2). Survival is 90.5 
+ 4.0% at 36 months for AVR patients, 84 + 
3.4% at 36 months for MVR patients, and 74 + 
10% at 24 months for those having multiple 
valve replacement. The postoperative NYHA 
Functional Classification in the surviving pa- 
tients showed marked improvement in the 
majority of the patients (see Fig 1); 93.6% of the 
patients were in NYHA Class I or II postopera- 
tively (Class I, 75.3%; Class II, 18.3%; Class III, 
6.1%; Class IV, 0.3%). 

“The major late complications were infective 
endocarditis, periprosthetic leakage and sys- 
temic thromboembolism. There was only 1 case 
of valve dysfunction. l 
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Fig 2. Survival in Carpentier-Edwards valve patients, 
expressed by the life-table method. 


Thromboembolism 

There were 20 postoperative thromboembolic 
events in the series (Table 4). Five occurred 
during the early postoperative period, and 15 
during the late postoperative period. 

Of the 5 early embolic events, 2 followed 
AVR, 2 followed MVR, and 1 followed multiple 
valve replacement. There were no fatalities. All 
patients were in atrial fibrillation. Anticoagu- 
lation had been started in only 1 patient, but- 
the therapeutic range had not been attained at 
the time of the embolism. One patient was re- 
ceiving low-dose heparin: >- 

Of the 15 late events, 3 occurred between two 
and twelve weeks after operation, and 12 oc- 
curred throughout the remainder of the obser- 
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Table 4. Time Interval between Operation and 
Thromboembolism 


Valve Replacement 
(No. of Patients) 
Time : 
Interval Aortic Mitral 





Multiple Total 


<2wk 22 2 1 5 
2 wk- 1 2 0 3 
3 mo 
3-6 mo 2 1 1 4 
6-12 mo 0 2 2 4 
>12 mo 2 1 1 4 
Total 7 8 5 20 


vation period. There were 13 emboli to the cen- 
tral nervous system, 1 to a coronary artery, and 
1 to a brachial artery, resulting in four deaths 
and three mild-to-severe permanent neurologi- 
cal deficits. 

Five events involved patients with aortic 
prostheses. All patients were in sinus rhythm, 
and: none was receiving anticoagulants. In 4, 
the event was limited to a transient visual dis- 
turbance. The fifth occurred in a patient who 
had’ had a previous bicuspid repair of the 
aortic valve. A Dacron patch repair of the aorta 
was required at valve replacement. This patient 
experienced a hemiparesis with a mild residual 
deficit. 

Six events followed MVR, and four followed 
multiple valve replacement: With the exception 
of 1 patient who had multiple valves replaced, 
all were in chronic atrial fibrillation. Four of 
these 9 patients were receiving anticoagulants 
at the time of embolism; one embolic event oc- 
curred immediately after a cardioversion. Two 
of the patients had been receiving anticoagula- 
tion, but the anticoagulants had been with- 
drawn abruptly because of bleeding complica- 
tions a few days prior to the embolic event. 
Three of the patients had never received an- 
ticoagulants. All events produced major symp- 
toms. There were four deaths and two perma- 
nent neurological deficits. 

The linear occurrence rate of thrombo- 
embolism is detailed in Table 5. The rate of 
embolic events following AVR was 0.94 events 
per 100 patient-years. Anticoagulation was 
used in only 8.3% of AVR patients. Throm- 
boembolism occurred in MVR and multiple 


Table 5. Linear Mortality and Morbidity Rates® 


Type of Valve Replacement 
Mortality and Se 


Morbidity Aortic Mitral Multiple 
Operative _ 4.8 9.2 11.8 
mortality (%) 
Late mortality (%) 1.7 (9) 4.0 (17) 8.1 (7) 
Thrombo- 
embolism? 
Overall 0.94 (5) 1.42 (6) 4.62 (4) 
Fatal 0 0.71 (3) 1.15 (1) 
Infective 
endocarditis - 
Overall 0.94 (5) 0.24(1) 2.31 (2) 
Fatal 0.57 (3) 0.24(1) 1.15 (1) 
Valve dysfunction 
Overall 0 0.24(1) 0 
Fatal 0 0 0 
Periprosthetic 
leak ; 
Overall 0.94 (5) 0.71) 3.46 (3) 
Fatal 0 0.24(1) 1.15 (1) 


"Expressed as percent per patient-year or episodes per 100 
patient-years. Total numbers of events are given in pa- 
rentheses. 

*Percentage given long-term anticoagulation: AVR, 8.3%; 
MVR and multiple valve replacement, 47%. 


valve replacement patients at a rate of 1.42 
events and 4.62 events per 100 patient-years, 
respectively; 47% of these patients remained 
on long-term anticoagulation. The linearized 
occurrence rate for fatalities related to throm- 
boembolism was 0.71 events per 100 patient- 
years for MVR, and 1.15 events for multiple 
valve replacement. No deaths occurred in pa- 
tients having AVR. 

Freedom from embolization is expressed by 
the life-table method in Figure 3. Overall, 
96.4% of patients are free of embolization at 36 
months. Freedom from embolization is higher 
in the aortic position than in the mitral and 
multiple positions, 97.6 + 1.6% at 36 months 
for AVR, 95.9 + 2.7% at 36 months for MVR, 
and 89.2 + 11.2% at 24 months for multiple 
valve replacement. 


Infective Endocarditis 

Infective endocarditis occurred in 8 patients. 
Five events followed AVR, one followed MVR, 
and two followed multiple valve replacement, 
on the mitral prostheses. Of the 8 patients, 3 
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Fig 3. Freedom from embolization in Carpentier- 
Edwards valve patients, expressed by the life-table 
method. 


returned to surgery for reimplantation, with 2 
deaths. There were 3 deaths in the 5 patients 
who did not undergo reoperation. The lin- 
ear rate of infective endocarditis is shown 
in Table 5. The rate of infective endocarditis 
was 0.94 events per 100 patient-years follow- 
ing AVR; 0.24 events per 100 patient-years fol- 
lowing MVR; and 2.31 events per 100 patient- 
years following multiple valve replacement. 
The linear occurrence rate for deaths due to 
infective endocarditis was 0.57 events per 100 
patient-years for MVR, and 1.15 events per 
100 patient-years for multiple valve replace- 
ment. 


Valve Dysfunction 

There was one case of valve dysfunction in the 
series at this early stage of follow-up evalua- 
tion (see Table 5). The valve dysfunction was a 
calcified mitral prosthesis in a 13-year-old girl. 
The patient had a successful reimplantation at 
16 years of age with a Carpentier-Edwards 
bioprosthesis. 


Periprosthetic Leaks 
There were 11 periprosthetic leaks. Five oc- 
curred in AVR patients, 3 in MVR patients, and 
3 in the mitral prostheses of patients having 
multiple valve replacement. Of the 11 patients 
who developed periprosthetic leaks in the late 
postoperative period, 7 have required reopera- 
tion, and there have been 2 deaths. Four pa- 
tients have not required reoperation. 

The linearized occurrence rate of peripros- 


thetic leakage was 0.94 events per 100 patient- 
years for AVR, 0.71 events per 100 patient- 
years for MVR, and 3.46 events per 100 
patient-years for multiple valve replacement. 
The rate for mortality related to periprosthetic 
leakage was zero for AVR, 0.24 events per 100 
patient-years for MVR, and 1.15 events per 100 
patient-years for multiple valve replacement. 


Comment 

The introduction of tissue preservation with 
glutaraldehyde firmly established the use of 
biological tissue for cardiac valve substitutes 
[22]. The Hancock prosthesis was introduced 
in the early 1970s, while the clinical application 
of the Carpentier-Edwards valve did not begin 
until the mid-1970s. The Hancock valve has 
undergone extensive clinical and hemodynamic 
evaluation. Since there are differences in tis- 
sue selection, tissue fixation and preservation, 
and construction between the two valves, the 
Carpentier-Edwards valve must be assessed on 
a similar basis. 

The Hancock prosthesis was introduced to 
reduce or eliminate the risk of thromboem- 
bolism. The reduced risk of thromboembolism 
was documented with the early use of the Han- 
cock valve [3, 6]. This early use was conducted 
without anticoagulant therapy [6, 23, 24]. Cohn 
and colleagues [25] subsequently reported that 
thromboembolism had occurred with the pros- 
thesis in the mitral position. Other investiga- 
tors noted that thrombogenic factors, such as 
chronic atrial fibrillation and large left atrium, 
caused vascular stasis, and these factors were 
delineated as indications for anticoagulation 
[4, 11, 23, 25-28]. Chronic atrial fibrillation 
remains the major contributing factor [11, 23, 
27]. The risk of thromboembolism and the role 
of anticoagulant management are essentially 
the same for the Carpentier-Edwards and Han- 
cock prostheses. 

Several reports have indicated that the ma- 
jority of thromboembolic events occur during 
the initial 3 months following implantation 
[1, 4, 5, 16]. Thromboembolic: phenomena oc- 
curred throughout the observation period in 
our series, primarily when the contributing 
thrombogenic factors prevailed [11, 26, 29] (see 
Table 4). Anticoagulation should not be dis- 


631 Janusz et al: Carpentier-Edwards Porcine Valve Prosthesis 


continued 3 months after MVR if the patient 
remains in atrial fibrillation. Anticoagulant man- 
agement can virtually be eliminated after AVR 
[5, 11, 26, 29]. With the anticoagulant regi- 
mens currently used in our patients, the rates 
of thromboembolism are very low (AVR, 0.94 
events per 100 patient-years; MVR, 1.42 events 
per 100 patient-years; multiple valve replace- 
ment, 4.63 events per 100 patient-years) and are 
superior to the results reported for mechanical 
prostheses [3, 30-36]. 

The incidence of infective endocarditis for 
the Hancock and Carpentier-Edwards prosthe- 
ses compares favorably with that for mechan- 
ical prostheses [1, 3, 10, 17, 29]. Magilligan and 
associates [17] have shown that the Hancock 
valve is resistant to early bacteremias, is easier 
to sterilize than mechanical prostheses, and is 
more durable than other tissue valves when 
threatened with prosthetic endocarditis. Our 
experience with the Carpentier-Edwards pros- 
thesis is comparable to that with the Hancock 
valve. 

The Carpentier-Edwards valve shows better 
hemodynamic performance than the Hancock 
prosthesis in the aortic position [12, 13, 15, 37]. 
There appears to be less obstruction to left ven- 
tricular ejection with the Carpentier-Edwards 
prosthesis [13], as well as improved effective 
orifice area when used in the smaller aortic root 
[12]. The structural design of the stent may 
contribute to lower gradients in small aortic 
valves [12]. It is also recommended that small 
aortic prostheses be used selectively according 
to the body surface area of the patient [14]. We 
do not have extensive hemodynamic data’ for 
our patients, because clinical performance did 
not warrant reassessment in the majority of 
cases. We have not enlarged an aortic orifice to 
place a larger prosthesis. 

The phenomenon of strut “creep” has been 
documented with the Hancock prosthesis [20, 
21]. These investigators have verified that the 
struts angled inward and caused high gradi- 
ents. Salomon and colleagues [20] attributed 
the inward angulation of the struts to the use of 
a prosthesis too large for the annulus. Magilli- 
gan and co-workers [21] recently documented a 
relationship between hemolytic anemia and 
strut “creep.” 


At present, there is concern over the long- 
term durability of the glutaraldehyde-preserved 
prosthesis [4, 5, 18, 38]. Tissue fatigue has 
been documented in evaluations made in vivo 
and in vitro, causing leaflet failure [39-42]. In 
vitro testing, unfortunately considered a poor 
means of assessing long-term durability in tis- 
sue valves [41, 42], predicts the mechanical life- 
span of this prosthesis to be 12 to 14 years [42]. 

Degeneration of the Hancock prosthesis has 
been demonstrated over extended implantation 
periods [9, 43, 44]. Lakier and his group [9] re- 
cently reported 15 cases of valve degeneration 
in 192 implants of Hancock prostheses. Their 
study indicates that porcine xenografts in the 
aortic position are more likely to degenerate 
than those in the mitral position. These valves 
had been rinsed in neomycin and bacitracin, a 
practice that is no longer common. 

In addition to leaflet disruption, calcification 
is continually being documented for both Han- 
cock and Carpentier-Edwards bioprostheses, 
primarily in patients with renal failure and in 
children under 12 years of age [7, 8, 9, 40, 45- 
49]. The etiology of this phenomenon appears 
to be related to the combination of tissue de- 
generation, accelerated rejection, and metabolic 
processes in renal patients and growing chil- 
dren. Thandroyen and associates [48] and Silver 
and co-workers [7] postulate that dystrophic 
calcification follows primary collagen degener- 
ation in the leaflet. Thorough ultrastructural 
evaluation has been conducted of the Han- 
cock prosthesis [18, 38, 46]. Glutaraldehyde- 
preserved valves demonstrate the same histo- 
logical changes as formalin-fixed valves but 
not to the same degree. This finding indicates 
that the porcine valve is not-biologically inert in 
human beings. Changes in the early stage in- 
clude disruption of endothelium, accumulation 
of fibrin deposits, and deposition of erythro- 
cytes, macrophages, giant cells, and platelets; 
late changes include progressive disruption of 
collagen, erosion of valve surfaces, formation of 
platelet aggregates, and accumulation of lipids 
[46]. The structural changes do not necessarily 
affect valve function [18], but the progressive 
breakdown of collagen will probably affect 
durability [38]. 

The major concern for valve dysfunction is 
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in younger individuals, especially in children 
under 15 years of age [7, 19, 44, 47]. On the 
other hand, Sade and colleagues [50] consider 
the porcine valve the safest for use in children. 

Over the past five years, we have used Han- 
cock and Carpentier-Edwards porcine valves in 
almost all younger patients requiring valve re- 
placement; this has enabled 5 women to expe- 
rience full-term pregnancies. Sanders and as- 
sociates [19] have demonstrated high levels of 
a-carboxyglutamic acid in six calcified Hancock 
xenografts removed from children and adoles- 
cents. We have removed only one Carpentier- 
Edwards prosthesis, for a total incidence of 0.09 
events per 100 patient-years in our series. The 
rate of valve reimplantation in our total expe- 
rience with Hancock and Carpentier-Edwards 
porcine valves in children and adolescents is 
3.70 events per 100 patient-years. 

From our five-year clinical experience, we 
have determined that the Carpentier-Edwards 
porcine. bioprosthesis has provided excellent 
quality of life for the majority of our patients, 
with low rates of thromboembolism, infective 
endocarditis, and valve dysfunction. We have 
experienced only one case of valve dysfunction 
in our patient population. Future evaluation of 
these patients will assist in documenting the 
durability of the Carpentier-Edwards porcine 
bioprosthesis. To date, the clinical results for 
the glutaraldehyde-preserved bioprosthesis are 
superior to those reported for mechanical 
prostheses, and should encourage continued 
utilization of biological valves. 


We extend appreciation to Joan Breach and Colleen 
Varcoe, research assistants, for their aid in follow-up 
evaluation, and to Gayle Henderson for preparation 
of the manuscript. 
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Bronchial Carcinoma and the 
Lymphatic Sump: The Importance of 


Bronchoscopic Findings 


Gordon F. Murray, M.D., Ormond C. Mendes, M.D., 


and Benson R. Wilcox, M.D. 


ABSTRACT The lymphatic sump of Borrie is an 
important area of regional node metastasis in each 
lung. The sump area is of increased importance on 
the right side, since bilobectomy has been recom- 
mended to ensure complete removal of lymphatic 
disease in patients with lower or middle lobe car- 
cinoma. The role of bronchoscopy in assessing lym- 
phatic metastasis of bronchial carcinoma was inves- 
tigated in 42 patients at the North Carolina Memorial 
Hospital. Because of the high incidence of associated 
lymphatic metastases, bilobectomy is indicated for 
right lower or middle lobe lesions observed at bron- 
choscopy. Simple lobectomy may be utilized when 
bronchoscopic findings are negative and when there 
is no involvement of the lymph nodes of the sump 
of Borrie at the time of operation. If there is gross 
nodal involvement of the lymphatic sump, pneu- 
. monectomy will be required. 


From the surgical point of view, the lymphatic 
sump of Borrie [1] is an important area of re- 
gional node metastasis in each lung. On the left 
side, the lymph nodes situated above the 
superior segmental bronchus of the lower lobe 
and lying along the inferior border of the lin- 
gular bronchus constitute the lymphatic sump. 
On the right side, the sump area is situated, in 
relation to the intermediate bronchus, between 
the upper lobe bronchus and the middle and 
apical lower lobe bronchi. The collection of 
lymph nodes in the area of the sump is fre- 
quently infiltrated by both upper and lower 
lobe growths, and this infiltration has a bearing 
on treatment by lobectomy [2]. The sump area 
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is of increased importance on the right side, be- 
cause removal of both the lower and middle 
lobes has been recommended to ensure com- 
plete extirpation of lymphatic disease in pa- 
tients with lower lobe carcinoma [3, 4]. 

Recommendation of bilobectomy for treat- 
ment of bronchial carcinoma is credited to 
Churchill [3, 5] in his 1950 address before The 
American Association for Thoracic Surgery [6]. 
The description of the lymphatic sump by Bor- 
rie [1] in the following year and subsequent 
anatomical studies by Nohl-Oser [5] em- 
phasized the principle of bilobectomy. Perfor- 
mance of this operation remains a standard of 
modern thoracic surgical practice, as noted by 
Adkins in Gibbon’s Surgery of the Chest [4]: 
“[C]arcinomas of the right lower lobe drain to 
this sump; consequently, in order to resect all 
possible involved nodes for a carcinoma of the 
right lower lobe, the middle lobe and its re- 
gional nodes should be removed along with the 
lower lobe.” 

On the other hand, preservation of lung tis- 
sue is also a guiding principle of thoracic 
surgery, and the initial pulmonary resection 
should be as conservative as the extent of dis- 
ease allows [7-9]. In an attempt to define the 
pathological limitations of conservative pulmo- 
nary resection in the treatment of carcinoma of 
the right lower and right middle lobes, the re- 
lationship between bronchoscopic findings 
and metastatic lymph node involvement of the 
sump of Borrie was investigated in 42 patients 
seen consecutively at the North caroline 
Memorial Hospital. 


Materials and Methods 

Anatomical Considerations 

Lymphatic metastases occur with marked fre- 
quency in patients with carcinoma of the lung. 
The incidence of nodal involvement may reach 
75% in patients undergoing resection; post- 
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Fig 1. Bronchogram showing lymph node groups at risk 
in patients with bronchial carcinoma, Anterior and 
posterior mediastinal groups are not shown. (Retouched 
for clarity.) 


mortem examination often reveals an even 
higher incidence in those who die of the dis- 
ease [10]. The lymph node stations at risk may 
be divided into two main groups: pulmonary 
nodes and mediastinal nodes. The pulmonary 
lymph nodes are classified as intrapulmonary 
nodes or bronchopulmonary nodes, with the 
latter including hilar and interlobar lymph 
nodes (Fig 1). It is the interlobar nodes that 
make up the lymphatic sump of Borrie. On the 
left side, the sump lies in the main fissure, and 
clearance of these nodes by lobectomy is not 
readily achieved. For right lower, or middle, 
lobe growths, a right lower and middle lobec- 
tomy with high division of the intermediate 
bronchus will completely extirpate the sump. A 
simple lobectomy would not obtain the same 
result in this situation. 


Patient Population 

The right lower or middle lobe was the primary 
site of tumor in 42 of 629 patients with bron- 
chogenic carcinoma who had surgical staging, 
pulmonary resection, or both between January 
1, 1969, and December 31, 1979. Thirty-four 
men and 8 women were evaluated. The mean 
age of these patients was 61 years. Two patients 
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Fig 2. Sites of lymph node metastases identified in 16 of 
42 patients with carcinoma of the right lower or middle 
lobe. 


had mediastinoscopy only, 15 had a lobectomy, 
11 had a bilobectomy, and 14, a pneumonec- 
tomy. 

The predominant cell type was epidermoid 
carcinoma, found in 23 patients. Adenocar- 
cinoma was identified in 10 patients, and un- 
differentiated tumors, in 9. Oat cell carcinoma 
was notably absent in this series of right lower 
and middle lobe bronchial tumors. 

Lymphatic metastases were identified in 16 
of the 42 patients (Fig 2). One patient had a 
positive intrapulmonary node only. Nine pa- 
tients had involvement of the interlobar bron- 
chopulmonary nodes, which make up the lym- 
phatic sump of Borrie. Four patients also had 
hilar metastases, and 2 had mediastinal metas- 
tases. 


Results 

Bronchoscopic findings were evaluated in 41 of 
the 42 patients with carcinoma of the right 
lower or middle lobe (Table). The results of 
bronchoscopy were considered positive when a 
visible endobronchial 
Macroscopic tumor was seen in the segmental 


lesion was identified. 


bronchi in 20 patients; in 4 of these patients, 
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encroachment of the intermediate bronchus 
was observed. Malignancy was confirmed by 
bronchoscopic biopsy in 18 patients and by 
cytological examination in 2 patients; all 20 had 
a positive bronchoscopic examination. On the 
other hand, only 2 of the 21 bronchoscopically 
negative patients—those with no visible 
lesion—had positive cytological findings. 

Intraoperative evaluation and pathological 
examination of the sump nodes failed to dem- 
onstrate tumor in 18 of the 21 patients who 
had negative bronchoscopic results. Thirteen 
of these patients had a lobectomy, and 5 had 
an elective bilobectomy. Only 3 of these bron- 
choscopically negative patients required a 
pneumonectomy. The hilar nodes were positive 
in 2 patients, but no patient had mediastinal 
disease. 

Bronchoscopic results were positive in 20 pa- 
tients. Nine of 16 patients undergoing bilobec- 
tomy or pneumonectomy had lymphatic exten- 
sion to the sump nodes. Two patients had a 
lobectomy; in 1, the bronchial margin was in- 
volved with tumor. Mediastinal metastases 
were noted at mediastinoscopy in 2 other pa- 
tients. 

There were no operative deaths in the pa- 
tients who had either positive or negative bron- 
choscopic findings. However, long-term survi- 
val was markedly improved in the absence of 
bronchoscopic abnormality (Fig 3). 


Comment l 

In his description of the lymphatic sump, Borrie 
[1] emphasized an important difference be- 
tween the incidence of lymph node invasion in 
the upper lobe of the right lung and that in the 
lower lobe. While no more than 13% of resected 
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Fig 3. Life-tablz analysis of 41 patients with bronchial 
carcinoma of the right lower or middle lobe. 


nodes were involved in upper lobe tumors, as 
many as 26% of the nodes in lower lobe 
lesions—particularly in the right lymphatic 
sump—were invaded at the time of operation. 
In the present study, lymphatic metastases 
were identified in 16 of 42 patients (38%), and 9 
patients (21%) had involvement of the inter- 
lobar lymph nodes in the right lymphatic sump. 
Thus, an cperative procedure designed to 
achieve complete clearance of all the nodes in 
the sump has a sound basis in pathology. With 
composite removal of the lower and middle 
lobe by high division of the intermediate bron- 
chus, bilobectomy would accomplish this re- 
sult. However, selective application of the 
sump principle would be desirable to salvage 
lung tissue in the severely compromised patient 
[7, 9], and also to enhance the patient's ability 
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to deal with future disease, including malig- 
nancy [11]. 

To date, the major role of bronchoscopy in 
primary lung cancer has been in performing 
biopsy and microscopic verification of the clini- 
cal diagnosis; bronchoscopy has also provided 
valuable information relating to whether pneu- 
monectomy or a bronchoplastic procedure 
should be done. It is important to note that 
when bronchogenic carcinoma visibly involves 
the mainstem bronchi, curative resection is 
rarely possible [12, 13]. Furthermore, micro- 
scopic invasion by malignant cells is known to 
extend several centimeters proximal to the visi- 
ble endobronchial component in some tumors 
arising in the segmental bronchi [14-16]. 
Therefore, the present study addresses another 
important consideration in evaluating bron- 
choscopic findings for operative manage- 
ment—the presence or absence of metastatic 
lymph node involvement of the sump of Borrie. 

Nearly all (18 of 21) of our patients with 
negative bronchoscopic results were free of met- 
astatic lymph node involvement (see Table). 
Intraoperative evaluation of the lymphatic 
sump in 13 lobectomy patients and pathological 
examination of the sump nodes in 5 elective 
bilobectomy patients failed to reveal tumor. 
The hilar nodes were positive in 2 patients who 
required pneumonectomy, but no patient had 
mediastinal lymph node involvement. Baker 
and his colleagues [17] recently concluded that 
mediastinal exploration is not routinely indi- 
cated in patients with small peripheral bron- 
chial carcinoma. These data also suggest that 
the contribution of mediastinoscopy to the eval- 
uation of bronchoscopically negative lesions 
of the right lower or middle lobe is minimal. 

The ominous implications of positive bron- 
choscopic findings, which were noted in 20 
patients, are apparent in the study (see Table). 
Metastatic invasion of the nodes in the lym- 
phatic sump was demonstrated in 9 of 16 pa- 
tients undergoing bilobectomy or pneumonec- 
tomy. Mediastinal metastases were found at 
mediastinoscopy in 2 patients, and hilar lym- 
phatic metastases were present in 2 other pa- 
tients. The fact that patients with visible 
endobronchial tumors had less favorable in- 
dications for treatment is reflected in the se- 


lection of operative procedure; while only 3 of 
the bronchoscopically negative patients under- 
went pneumonectomy, 10 patients with pos- 
itive bronchoscopic results had to have an 
entire lung removed. 

On the other hand, a more favorable prog- 
nosis for patients with bronchoscopically nega- 
tive disease is indicated by a life-table analysis 
of the 41 patients who had bronchoscopy (see 
Fig 3). The improved rate of survival for pa- 
tients with negative bronchoscopic findings is 
statistically significant at each yearly interval. It 
is important to recognize that these results 
were achieved using a smaller pulmonary re- 
section. 

As noted previously, malignant infiltration of 
the peribronchial or the bronchial submucous 
lymphatics proximal to a macroscopic lesion is 
known to be of surgical importance [14, 15]. The 
practical implication of this observation is that 
the resection of the bronchus should ideally 
be at least 2 cm above the visible tumor [2], 
a recommendation reinforced by our study. 
Thirteen patients with negative bronchoscopic 
findings had a lobectomy, and the bronchial 
margin was clear in all. Among 4 patients with 
positive bronchoscopic results who initially 
underwent lobectomy, the bronchial margin 
was involved with tumor in 3; 2 of these pa- 
tients then underwent bilobectomy, but all 
eventually died. The fourth lobectomy patient 
in the positive bronchoscopy group is living 
with recurrent disease. 

Bilobectomy has been reported to offer tech- 
nical advantages over individual lower or mid- 
dle lobectomy in reducing the incidence of 
middle lobe syndrome, fistula, and empyema 
[18]. However, no lobectomy patient in this 
study experienced complications. Since there 
were also no operative deaths in the entire se- 
ries, it is clear that a decision regarding lobec- 
tomy may be focused on pathological consider- 
ations. 

It is concluded that because of the high inci- 
dence of lymphatic metastases, bilobectomy is 
indicated for right lower or middle lobe lesions 
seen at bronchoscopy. This procedure ensures 
the removal of the entire sump of Borrie and 
provides a safe bronchial margin. Lobectomy 
may be utilized when bronchoscopic findings 
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are negative and there is no lymph node in- 
volvement of the sump of Borrie at the time of 
operation. Pneumonectomy is, of course, re- 
quired if there is gross nodal involvement of 
the lymphatic sump. 
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Discussion 

DR. JAMES W. MACKENZIE (Piscataway, NJ): Dr. Mur- 
ray and his co-authors have made a straightforward 
proposition: in patients with carcinoma of the mid- 
dle lobe or of the right lower lobe, positive broncho- 
scopic findings indicate a high likelihood of meta- 
static involvement of the lymphatic sump of Borrie. 
Their study has led them to make the following rec- 
ommendations for such patients. 


1. Lobectomy should be performed when bronchos- 
copy is negative and there is no involvement of 
the lymphatic sump. 

2. Bilobectomy should be performed if the lesion is 
seen at bronchoscopy. 

3. Pneumonectomy should be done if there is gross 
nodal involvement. 


Certainly, the authors’ main thesis regarding the 
importance of positive bronchoscopic findings is 
reasonable. It is consonant with the report of Stoloff 
on carcinoma of the main bronchus that they have 
cited in their paper, as well as with several other 
publications. Nevertheless, before I can accept the 
specific recommendations of Dr. Murray and his 
colleagues, I would like to have answers to several 
questions. 

In general, more distal lesions are less likely to be 
associated with positive sump nodes. Our ability to 
see and to perform biopsy of more peripheral lesions 
has increased considerably. Can Dr. Murray provide 
more details on the location of these lesions, and was 
the tissue specimen obtained by rigid bronchoscopy 
or by flexible bronchoscopy? One assumes, of 
course, that the more central lesions yielded positive 
bronchoscopic results, but this may not be so. Simi- 
larly, since nodal involvement is related to the size of 
the primary tumor in many series, I believe it would 
be helpful to know the size of the lesions in each 
group. These questions point out the importance of 
the TMN classification in reporting clinical studies of 
patients with bronchogenic carcinoma. 

In illustrations appearing in the works of Borrie 
and Nohl-Oser, both of whom have been cited by 
Dr. Murray and co-workers, one notes a substantial 
number of nodes in the lymphatic sump. I would like 
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to ask the authors how they evaluated the sump 
nodes at thoracotomy, and how they suggest that 
others do so. Many surgeons have difficulty recog- 
nizing gross nodal involvement, particularly if it is 
intranodal. Should all of the nodes be sampled? 
Moreover, if the nodes are negative in bronchoscopi- 
cally positive patients, why not perform a lobectomy 
rather than a bilobectomy if there is an adequate 
bronchial margin? 

I wish to congratulate Dr. Murray and his as- 
sociates on the lack of operative mortality in their se- 
ries, and to thank them for bringing to our attention 
the importance of bronchoscopic findings and lym- 
phatic spread in carcinoma of the middle and right 
lower lobes. 


DR. PAUL A. KIRSCHNER (New York, NY): This paper 
does not make it quite clear whether a mediastinos- 
copy was done in all patients, and whether there was 
a difference in the cell type of the more central le- 
sions. I assume that they were identified by rigid 
bronchoscopy, which would favor squamous car- 
cinoma; the more peripheral lesions, on the other 


hand, would be more likely to be adenocarcinoma. I 
wonder if Dr. Murray could comment on this. 


DR. MURRAY: In response to the questions that Dr. 
MacKenzie has raised, I am unable to detail the loca- 
tion and exact size of the various malignant lesions in 
our series. It is commonly recognized that lymphatic 
metastasis from very peripheral lesions is unusual. 
It is also apparent that invasive mediastinal evalu- 
ation contributes very little in evaluating patients 
with peripheral lesions, and this applies to the bron- 
choscopically negative patients in our study. Intra- 
operative evaluation of the sump nodes was made 
frequently by gross inspection and only occasionally 
by microscopic evaluation. As Dr. MacKenzie has 
pointed out, evaluating the lymphatic sump is dif- 
ficult. Because of this real difficulty, we are recom- 
mending elective bilobectomy in the presence of 
positive bronchoscopic results. 

Dr. Kirschner, staging mediastinoscopy was per- 
formed in all of our patients. I have not examined the 
data to determine which cell types appeared in the 
more central lesions, but I suspect that most of them 
were in the epidermoid group. 


A Simplified Approach to the 
Repair of Pediatric Pectus Deformities 


Conrad W. Wesselhoeft, Jr., M.D., and Frank G. DeLuca, M.D. 


ABSTRACT For the past 14 years, a simplified op- 
eration utilizing a metal strut for internal fixation 
has been used to repair pectus anomalies in 123 chil- 
dren. Subperichondrial cartilage resection is per- 
formed through small incisions in the pectoral mus- 
cles. No sternal osteotomy required. A malleable 
strut is passed transsternally and removed in four to 
six months, frequently under local anesthesia. All 
children who underwent this procedure were dis- 
charged within five to six days, and no transfusions 
were necessary. The use of the technique has short- 
ened operative time and decreased the necessity for 
extensive postoperative pulmonary physiotherapy. 
In 75 children followed for over 5 years, cosmetic re- 
sults have been excellent, and self-image has im- 
proved substantially. In only 1 child was there a re- 
currence impressive enough to warrant reoperation. 


To wait, therefore, for severe progression of the 
deformity, or the development of obvious indi- 
vidual concern over appearance, or until un- 
equivocal symptoms occur, is to deprive the child 
of his best chance for an optimal result and to re- 
quire a large operation. 


Mark Ravitch [1] 


There have been many variations proposed for 
the operative repair of pectus deformities since 
Sauerbruch’s first patient was operated upon in 
1913 [2]. The modern era of surgical manage- 
ment was initiated by Brown in 1939 [3]. The 
most popular technique in use at the present 
time derives from the papers of Lester in 1946 
[4], and Ravitch in 1949 [5]. This procedure re- 
quires extensive bilateral resection of the de- 
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formed cartilages, release of the intercostal 
bundles from the sternum, division of the 
xiphoid, and sternal osteotomy. Over the past 
fourteen years, we have utilized a simplified 
approach, wherein a metal strut is inserted for 
internal fixation. 


Patients and Methods 

From 1966 through 1980, 123 patients under- 
went repair of pectus deformities. This group 
included 28 girls and 95 boys. Thirty-eight of 
the children were less than 2 years of age at 
the time of operation, and 30 were over 6 years 
of age (Table 1). Although several studies have 
now documented improvement in cardiac and 
pulmonary performance after pectus surgery 
[6-8], all operations in this series were under- 
taken primarily for cosmetic reasons. One pa- 
tient had an associated mild pulmonic stenosis 
with ventricular septal defect, while another 
had a preoperative diagnosis of mitral valve 
prolapse. Five children had a history of re- 
current pulmonary infections. One patient had 
an associated collagen disorder with a fairly 
marked scoliosis. In 5 children, there was a very 
asymmetric, deep concavity with sternal rota- 
tion to the right. Five children were seen with a 
pectus carinatum defect, while the remainder 
demonstrated the typical excavatum depres- 
sion. 


Operative Technique 

A transverse submammary incision is made 
over the deepest area of the defect (Fig 1). The 
xiphoid and rectus muscles are divided from 
the sternum. Next, small incisions are made in 
the pectoral mtiscles covering the lowermost 
three or four rib cartilages, and these muscles 
are resected subperichondrially from the sternal 


-edge laterally to the costochondral junction. No 


sternal wedge osteotomy is performed. A drill 
is inserted through the sternum just above the 
highest resected cartilage. A malleable metal 
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Table 1. Age at Time of Operation for 123 Patients 


Undergoing Surgical Repair of Pectus Deformities 


Age (yr) No. of Patients 
0-2 38 
3-6 55 
>6 30 





Fig 1. Operative procedure for repair of pectus defor- 
mity. A submammary skin incision is made over the 
deepest portion of the defect. 


strut* is then passed transsternally and placed 
laterally beneath the pectoral muscles (Fig 2A, 
B). The ends of the strut are positioned so that 
one end is easily palpable beneath the skin, 
thus facilitating later removal (Fig 3). 

The incisions in the pectorals are sutured 
with interrupted catgut, a plastic suction cath- 
eter is inserted subcutaneously above the 
pectoral muscles, and the skin is closed with 
a subcuticular suture. A collodion dressing is 
applied. No antibiotics are used, and no exter- 
nal supports or chest plates are necessary. The 
strut is removed in four to six months, fre- 
quently under local anesthesia. No special in- 
struments are required for strut removal. 


Results 

In our 123 patients, there was no mortality and 
minimum morbidity (Table 2). No child re- 
quired a blood transfusion either intraopera- 
tively or postoperatively. All patients were dis- 


*John Tuzik & Co., 82 Chickatawbut St, Dorchester, 
MA 02122. 








Fig 2. (A) Following subperichondrial removal of the 
costal cartilages, a drill is inserted transsternally in 
preparation for the malleable strut. (B) After the strut ts 
inserted, the ends are bent with pliers to elevate the 
sternum. 





Pectoralis 
Major 


Recti 


Fig 3. The strut is positioned beneath the pectoral mus- 
cles. One end is placed far laterally, facilitating removal 
in six months. 


charged within five to six days. Five children 
developed an intraoperative pneumothorax re- 
quiring only needle aspiration; another child 
developed postoperative atelectasis, which 
cleared within three days after operation. Four 
patients had to have small subcutaneous 
wound infections opened, while 2 required 
needle aspiration of a small collection of sub- 
cutaneous fluid. Incisional keloid formation 
was fairly prominent in 5 patients. In two of 
these children, it was believed to be minimal 
and to require no treatment; in 2 others, local 
steroid injections appeared to suffice. In the 
fifth child, scar excision was performed with a 
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Table 2. Complications of Pectus Repair 





No. of 


Complication Patients 





Pneumothorax 5 
Atelectasis l 
Wound infection 4 
Subcutaneous fluid collection 2 
Incisional keloid 5 





good cosmetic result. Forty-eight children had 
their struts removed under local outpatient 
anesthesia, while 75 required general anesthe- 
sia and hospitalization for six to eight hours. 
Seventy-five of the 123 patients have now 
been followed for over 5 years postoperatively; 
of these, 70 have had excellent cosmetic results 
(Figs 4A, 4B), defined as restoration of normal 
anterior chest contour, flattening of the abdo- 
men, and a well-healed cutaneous scar. In 4 
patients, the results have been classified as 


Fig 4. (A) Frontal and (B) lateral views of a 16-year-old 
boy, 12 years after pectus repair. 





December 1982 


fair to good. In only 1 child did we feel a recur- 
rence of the defect was impressive enough to 
warrant reoperation. 


Comment 

We would agree with Randolph and associates 
[9] that performing this operation in children 
between 18 months and 3 years of age is techni- 
cally easier, less time-consuming, and less de- 
bilitating than in older children. Physiological 
studies from the National Institutes of Health 
that 
patients is compromised by abnormally low 


have shown heart function in pectus 
stroke volumes during upright exercise [7]. In 
addition, Majid and colleagues [10] have dem- 
onstrated a postoperative decrease in right 
atrial pressure with exercise. The indication 
for operation in all our patients, however, 
was primarily cosmetic. 

Operations for pectus deformities have gen- 
erally fallen into three groups: (1) procedures 
requiring no special fixation [3, 4]; (2) those in 
which external support is used postoperatively 
[11]; and (3) those using internal fixation at the 
time of repair [12, 13]. The “limited operation” 
proposed by Brown [3] has since been aban- 
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doned. This consisted of simple sectioning of 
the so-called substernal ligament, or xiphister- 
nal disarticulation. The most radical operation 
proposed at present is that of Wada and col- 
leagues in which there is a complete turnover 
of the lower sternum [14]. The majority of pro- 
cedures currently in use are variations on the 
operation described by Ravitch [5, 15]. A rather 
extensive dissection of the sternum is required 
to isolate it from its pectoral, intercostal, 
xiphoid, and mediastinal attachments. Mo- 
bilization or division of the lower sternum 
may cause devascularization and possible de- 
generative changes, which may also be second- 
ary to occlusion of the internal mammary artery 
during the dissection [16]. Bone sutures are 
used to fix the cuneiform osteotomy. The oper- 
ation is rather time-consuming, and we have 
seen several children who required extensive 
pulmonary physiotherapy postoperatively be- 
cause of the marked paradoxical respiration 
produced by the sternal dissection. 

External traction on the elevated sternum in 
an attempt to stabilize the chest wall post- 
operatively has largely been supplanted by 
various forms of internal fixation [17-19]. Rib 
or costal cartilage grafts have been used exten- 
sively to provide sternal support [20-22]. 
However, such grafts frequently’ lack sufficient 
size and curvature for proper fixation, and are 
very difficult to remove if infection occurs. Fon- 
kalsrud and associates [23] utilized autologous 
perichondrial sheaths, which are sutured to- 
gether posterior to the sternum, while Robicsek 
[24] places a piece of Marlex mesh beneath the 
sternum, and sutures it to the ends of the di- 
vided costal cartilages. Other than mesh [25], 
the most widely favored type of internal fixa- 
tion is some sort of pin or metal strut [26]. 
Mayo and Long [27], Grob [28], and Peters and 
Johnson [29] all use a Kirschner wire placed 
transsternally. Rehbein and Werniche [12] use 
three pairs of metal struts fixed to the lateral 
ribs; the sternum is sutured to these anterior 
metal blades. Adkins and Blades [13] and Jen- 
sen and colleagues [30] have described metal 
“stribs” passed beneath the sternum between 
the pleura and endothoracic fascia. Catgut su- 
tures attach the metal pieces to the ribs and the 
sternum. 


The technique that we have modified was 
first described by Paltia and co-workers in 1959 
[31]. We do not extensively free the pectoral 
muscles from the sternum and costal cartilages; 
instead, we rely on small individual incisions 
made through the muscle over the cartilages to 
be resected. Only the three or four lowest car- 
tilages are removed bilaterally. There is no di- 
vision of the rectus muscles from their costal 
insertions, and no transverse sternal osteotomy 
is performed. However, in the five patients in 
whom there was a deep and highly asymmetric 
concavity with a sternal rotation to the right, a 
sternal osteotomy was required, as well as the 
placement of two struts. 

The metal struts we use are available in vari- 
ous lengths. They are chemically inert, and may 
be bent manually to elevate the sternum to the 
appropriate level. Care is taken to ensure 
placement of the strut above the level of the 
highest resected cartilage. No sutures are 


‘needed to fix the strut, as it is adequately 


stabilized by resting on the ribs laterally be- 
neath the pectoral musculature. Internal strut 
fixation has also been used in our pectus 
carinatum patients, who may also require an 
osteotomy or excision of bony protuberances. 

We have had no cases of deep infection or 
osteomyelitis requiring strut removal. More- 
over, the need for postoperative pulmonary 
therapy has diminished markedly because the 
stable anterior chest wall reduces the possibility 
of paradoxical respiration. We have not seen rib 
pressure necrosis or extensive callus formation 
produced by the strut. Many of these struts 
were removed under simple local anesthesia on 
an outpatient basis. The majority of struts were 
left in place for six months, but 4 patients had 
to have them removed within two months be- 
cause of local discomfort. Of the 75 patients 
followed for over five years, only 1 patient has 
had a recurrence severe enough to warrant a 
second operative procedure. Singh [32] has had 
similar results in 85 patients in whom the chest 
was stabilized with a stainless steel plate. 
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Discussion 

DR. FRANCIS ROBICSEK (Charlotte, NC): The repair of 
pectus deformities requires three basic steps: 
mobilization, correction, and fixation. The method 
presented here seems to fulfill only two of these basic 
criteria. 

First of all, pectus is not a disease of the sternum 
but of the cartilages. To state the opposite is like 
saying that the reason the giraffe has such a long 
neck is to reach its head, which happens to be located 
a considerable distance from its body. I agree with 
the authors that removal of just the lowermost three 
or four cartilages is sufficient, but only if no other 
cartilages are involved. If the disease is more exten- 
sive, the operation should be more extensive. 

The authors have abandoned the conventional 
transverse sternal osteotomy approved by God and 
Ravitch. Again, this may work very well in the very 
young and in those with only a mild deformity. 
Using the method they describe, however, I would 
find it difficult to achieve proper correction of the 
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sternum in young adults or in patients with severe 
deformity. 

The fixation of the sternum with steel struts is not 

only effective but very patriotic, because it supports 
our ailing steel industry. To call it, however, a 
“simplified approach” may be a slight overstate- 
ment. My associates and I have had uniformly good 
results without using steel supports, simply by 
placing a Marlex mesh support in the substernal 
position. 

Finally, two minor points. First, we do not regard 
-entering the pleural cavity as a complication but as 
an integral part of our operation. With a chest tube 


inserted into the right pleural space connected to the’ 


substernal area, one can expect very effective wound 
drainage and smooth healing. In addition, we do 
detach the pectoralis muscles to obtain a better expo- 
sure; also, by uniting them in front of the sternum, 
we achieve a better repair. 

I would like to congratulate Drs. Wesselhoeft and 
DeLuca on their very nice presentation and excellent 
long-range follow-up. 


DR. MILTON V. DAVIS (Dallas, TX): I think that this is a 
good paper; Drs. Wesselhoeft and DeLuca are proba- 
bly doing very good work. I would just like to com- 
ment on a couple of the points they have made. 

I generally agree with the authors’ assessment of 
the optimum age for repair. The: sternum is a car- 
tilaginous structure at birth. It has bone islands that 
grow outward like the ripples that form when a peb- 
ble is dropped into a still pond. When these bone 
islands coalesce, we say that the sternum is ossified. 
This occurs at different times in different children but 
typically around the age of 20 months, or between 18 
and 22 months. In my opinion, the optimum time for 
repair is any time after the sternum has become com- 
pletely ossified—but preferably not too long after 
this happens, because better results are achieved if 
operation is performed in younger patients. The rea- 
son for not doing the repair in very young children 
is because one can’t always be sure that they are 
going to need it until the sternum undergoes ossifi- 
cation. 

I also agree that putting the struts through the 
sternum probably keeps them from migrating. If any 
surgeon still puts struts under the sternum, I would 
strongly advise him or her to anchor the struts with 
metal sutures rather than catgut or prolene, because 
metal sutures will be required to keep them in place. 

I am a little distressed that the authors, who have 
obviously had a successful and enlightening experi- 
ence with this condition, still emphasize cosmetic re- 
sults. I don’t mean to suggest that cosmetic results 
are not important; they are very important. However, 
there are also major physiological and cardiovas- 
cular concerns to be considered. The depressed ster- 


num presses on the anterior wall of the right ventricle 
and interferes with the filling of the right ventricle, 
thereby impeding the ability of the individual to 
reach his or her full capacity under exercise stress. 
This should be recognized and understood by tho- 
racic surgeons and other physiologists. 

About 13 years ago at a meeting of the Southern 
Thoracic Surgical Association, H. H. Shah and I re- 
ported on our results with our first 15 cases of sternal 
turnover, a procedure recommended by Juro Wada of 
Sapporo, Japan. I am still using this method, and it 
has stood the tèst of time. I recently amended the 
turnover procedure by placing. an intramedullary 
grooved Steinmann pin, which can be molded to 
give a nice anterior contour to the sternum. I am now 
using this technique in lieu of inserting struts. 


DR. HOWARD $. BROWN (Atlanta, GA): I would like to 
ask Drs. Wesselhoeft and DeLuca if they do anything 
in particular to handle the perichondrium. I have had 
situations where I have done a beautiful straighten- 
ing of the sternum, performed an osteotomy, and 
taken out the deformed cartilages only to have the 
retracted perichondrium form new cartilage, with a 
poor long-term cosmetic result. Also, I would like to 
ask if they use the same procedure in older patients, 
say, young adults. 


DR. WOLFGANG BIRCKS (Duesseldorf, W Germany) - 
We almost always consider the correction of pectus 
defects a cosmetic procedure only. Do the authors 
have any objective functional results? 


DR. WESSELHOEEFT: We owe a great debt to Dr. Robic- 
sek for his continuing studies in the care of pectus 
anomalies. I think it is important to point out, how- 


ever, that we are using this repair only in young 


pediatric patients. I do agree that older patients may 
require a more extensive operation; in our older pa- 
tients, particularly those in the mid-teenage group, 
we would probably choose the standard Ravitch pro- 
cedure, although we would still use the transsternal 
strut. However, I am afraid that I cannot agree with 
the use of a thoracostomy tube, as we have found 
that a small subcutaneous plastic catheter, which 
does not invade the pleural space, works just as well. 

Dr. Davis, we agree that there should be no sub- 
sternal placement of the struts due to the migration 
problems that you mentioned. I would say that our 
pectus repairs were done primarily for cosmetic rea- 
sons. I think a sternal turnover operation is much too 
involved a procedure to use in the group of patients 
we are dealing with. 


646 The Annals of Thoracic Surgery Vol 34 No 6 December 1982 


Dr. Brown, we do not handle the perichondrium in 
any special way; we just leave it there following re- 
moval of the costal cartilages. I think I have already 
sanswered your other question on surgery in older 
individuals, who do require a somewhat different 
procedure. Again, we still would use the strut. 

In answer to Dr. Bircks, we did not do any sophis- 


ticated functional studies on these patients. We did 
not have any cases of Marfan’s syndrome in our 
group, but we did have one patient who had some 
form of collagen disease, and that patient did not do 
well, as one would expect. Conditions of this nature 
would probably warrant a more extensive operation 
than we have described. 
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A candidate applying for admission to the 
certifying examination must fulfill all the re- 
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ABSTRACT During aortic valve surgery, cardio- 
plegic solution is delivered through direct cannula- 
tion of both coronary ostia. Since this approach may 
cause an intimal injury leading to acute dissection or 
late ostial stenosis, we have evaluated retrograde 
coronary sinus perfusion (RCSP) as a means of de- 
livering cardioplegia in 12 patients undergoing aor- 
tic valve replacement. The retroperfusion of the 


cardioplegic solution was performed with a balloon- 


tipped catheter inserted into the coronary sinus 
through the right atrium. The perfusion pressure 
averaged 40 mm Hg. Twelve patients undergoing 
antegrade coronary perfusion served as controls. 
Both groups were matched for preoperative and 
intraoperative data. The postoperative evaluation fo- 
cused on hemodynamic status, as evidenced by 
serial measurements of right-sided pressures and car- 
diac output at 1, 6, 12, 18, and 24 hours after opera- 
tion. The stroke volume index and the left ventricu- 
lar and right ventricular systolic stroke work indexes 
were then calculated. There was no statistically 
significant difference between the two groups. We 
conclude that RCSP is a simple, safe, and effective 
means of cardioplegic protection during aortic valve 


surgery. 


Cardioplegia is now the most widely used 
technique of myocardial preservation. Al- 
though it has generally provided satisfactory 
results [1, 2], some of its problems are still not 
completely resolved, particularly the optimal 
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mode of delivering the cardioplegic solution in 
certain subgroups of patients. Several authors 
have suggested various means of intervention 
to avoid the difficulty of achieving homogene- 
ous diffusion of the cardioplegic solution in 
patients with critical coronary artery stenosis 
[3]. However, less attention has been paid to 
the large group of patients who are operated on 
for aortic valve disease and in whom the deliv- 
ery of the cardioplegic perfusate requires direct 
cannulation of both coronary ostia, either at the 
onset of ischemic arrest when the aortic valve 
becomes incompetent or later during the proce- 
dure, as long as multidose cardioplegia is used. 
A few years ago, the proponents of hy- 
pothermia argued that coronary perfusion 


“was associated with many potential complica- 


tions [4], in particular traumatic damage pro- 
ducing acute dissection or late ostial stenosis, 
an abnormality that is known to have a poor 
prognosis [5]. Unpublished communications, 


‘as well as our experience in two patients, re- 


cently showed us that similar lesions could also 
occur after the intracoronary infusion of a cold 
crystalloid cardioplegic perfusate, and con- 
sequently led us to evaluate another route of 
cardioplegic delivery that would avoid direct 
cannulation of the coronary arteries. 

The concept of venous retroperfusion as a 
mode of myocardial preservation is not new; in 
1956, Blanco and colleagues [6] suggested the 
use of retrograde coronary sinus perfusion 
(RCSP) with oxygenated blood as a means of 
supporting the heart during aortic cross- 
clamping for visualization of the aortic valve. 
This approach was later employed successfully 
in experiments by Gott and associates [7] and 
clinically by Lillehei and co-workers [8]. How- 
ever, with the introduction of selective ante- 
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grade coronary perfusion and hypothermia, 
RCSP was soon discarded. Recently, in an effort 
to facilitate direct left coronary arterial surgery, 
the technique was revived again by Davies and 
colleagues [9], who. showed that it provided 
some myocardial protection in experiments 
with dogs. However, their report failed to gen- 
erate clinical interest in this application. 

Data on the drainage flow patterns of the 
human coronary sinus clearly show that blood 
RCSP is unable to meet the metabolic needs of a 
beating ischemic heart [10], thus accounting for 
the marginal results obtained in the previous 
surgical experience with this technique. Our 
renewed interest in RCSP was dictated by the 
fact that we are now dealing with a totally dif- 
ferent situation: the delivery of core cooling and 
chemical cardioplegia in an arrested hypother- 
mic heart, the metabolic requirements of which 
have been markedly reduced [11]. In this set- 
ting, some experimental reports [12, 13] have 
established the effectiveness of the retrograde 
approach. The present study was undertaken to 
- assess clinically whether RCSP could provide a 
‘valuable alternative to standard antegrade 

coronary perfusion during aortic valve proce- 
dures. Given the level of myocardial preser- 


vation afforded by current techniques of car- 


dioplegia, clinical criteria were considered 
insufficiently sensitive to allow an accurate 
comparison of the two modes of cardioplegic 
delivery under investigation. This study has 
- therefore focused on the functional recovery 
profile, as evidenced by serial hemodynamic 
measurements taken throughout the 24 initial 
postoperative hours. , 


Material and Methods 

Two techniques of cardioplegic delivery were 
evaluated in 24 patients undergoing aortic valve 
replacement, alone or in combination with an- 
other valvular or coronary procedure. The rele- 
vant clinical information is summarized in 
Table 1. Although the patients were not ran- 
domly assigned to one of the two techniques, 
statistical analysis indicated that the two 
groups of 12 patients each were well matched 
with regard to preoperative and operative data. 
The only exception was a significantly greater 
cardiothoracic ratio in patients receiving ante- 
grade coronary perfusion (p < 0.01). 


Myocardial Preservation Technique 
Cardiopulmonary bypass was instituted by 
venous cannulation of the superior and inferior 
venae cavae through the right atrium, and the 
ascending aorta was cannulated for arterial re- 
turn. In all patients, the left ventricle was 
vented through the right superior pulmonary 
vein. The systemic perfusate temperature was 
initially cooled to achieve an esophageal tem- 
perature of 25°C. After both venae cavae had . 
been snared, the ascending aorta wás cross- 
clamped, and the cardioplegic solution was 
subsequently infused through one of the two 
selected approaches. To help ensure mainte- 
nance of a continuously cold heart, topical 
cooling and systemic hypothermia (25°C) were 
used during the entire period of aortic cross: 
clamping. LA l 
Cardioplegia was induced by the perfusion of 
a cold (4° to 8°C) asanguineous solution, the 
composition of which is detailed in Table. 2. 
After the initial delivery of a cardioplegic vol- 


‘ume of one liter, multidose cardioplegia was ac- 


complished by the reinfusion’ of 500 ml of the 
solution at 30-minute intervals. Furthermore, 
during the final 10 minutes of ischemia, one 
liter of autologous oxygenated 28°C arterial 
blood was withdrawn from the extracorporeal 
circuit, and 30 mEq of potassium chloride and 
50 mEq of sodium bicarbonate were added to 
adjust the pH to 7.70 at 28°C. This protdcol is 
similar to that described by Follette and“ co- 
workers [14], except that we did not intention- 
ally lower the ionized calcium content of the 
blood, which ‘averaged 1 mEq/L. In both 
groups, the cardioplegic, alkalotic, hypocal- 
cemic blood was infused into the aortic root ` 
through the incompletely closed aortotomy, 
and served as the initial reperfusate. Removal 
of the caval clamps allowed this blood reperfu- 
sate to be collected with the systemic venous 
return by the caval drainage cannulas. The 
rationale for our approach—-multidose crystal- 
loid cardioplegia followed by “secondary” 
blood cardioplegia—has been detailed else- 
where [15]. 

In the two groups of patients, rewarming of 
the extracorporeal perfusate was initiated 
shortly prior to release of the aortic clamp to 
prevent any premature increase in cardiac tem- 
perature through the noncoronary collateral 
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Table 1. Clinical Data for Patients Receiving Antegrade and Retrograde Perfusion 


Variable 


Preoperative data 
Sex (M:F ratio) 
Mean age (yr) 
Cardiothoracic ratio? 
Catheterization® 
PAP (mm Hg) 
PCWP (mm Hg} 
CI (L/min/m?) 
Operative data r 
AVR alone i 5 
AVR + associated procedure 
Cross-clamping time (min)* 


@Values shown are mean + SEM. 


ACP Group RCSP Group 
(N =12) (N =12) 

9:3 11:1 

44 42 

0.59 + 0.02 0.53 + 0.02 
24,00 + 5.89 18.83 + 2.70 
14.66 + 2.56. 14.33 + 2.03 
2.29 + 0.35 2.03 + 0.17 
5 5 

7 7e 

80.41 + 7.41 79.91 + 4.58 


‘Including 5 mitral valve replacements, 1 open mitral commissurotomy, and 1 tricuspid annuloplasty. 
“Including 4 mitral valve replacements, 2 open mitral commissurotomies, and 1 double coronary bypass graft operation. 


ACP = antegrade coronary perfusion; RCSP = retrograde coronary sinus perfusion; PAP = pulmonary artery pressure; 
PCWP = pulmonary capillary wedge pressure; CI = cardiac index; AVR = aortic valve replacement. 


Table 2. Composition of the Cardioplegic Solution 


Element © . Amount 
Nat l 130 mEq/L 
Kt : oP ae A 15 mEq/L 
Mg** l 15 mEq/L 
Cat* 5 mEq/L 
cr 108 mEq/L. 
Gluconate 12 mEq/L 
Aspartate 30 mEq/L 
Glucose 10 gm/L 
Mannitol 4,572 gm/L 
pH 7.10 at 20°C 
Osmolarity 395 mOsm/L 


blood ‘flow. Upon removal of the cross-clamp 
from the aorta, care was taken to progressively 
increase the mean perfusion pressure from 50 or 
60 mm Hg to 80 mm Hg. When necessary, de- 
fibrillation was performed within minutes fol- 
lowing the resumption of coronary flow. The 
beating heart was then allowed to perform ex- 
ternal work, as long as the mean left atrial pres- 
sure remained below 15 mm Hg. When this 
value was exceeded, total cardiopulmonary by- _ 
pass with complete venting of the left ventricle 
was reinstituted. 


Techniques of Cardioplegic Delivery 

GROUP 1: ANTEGRADE CORONARY PERFUSION. In 
this group, the cardioplegic solution was deliv- 
ered through balloon-tipped perfusion cathe- 
ters (Usifroid models 7196 and 7224) inserted 
into both coronaty ostia. The cannulas were in- 
serted prior to removal of the valve after the 
aorta was opened, and were removed at the 
completion of each cardioplegic infusion. The’ 
right coronary cannula was usually inserted 5 
mm into the right main coronary artery, while 
the left coronary cannula was inserted just past 
the ostium. The flow rate averaged 200 ml per 
minute in each coronary cannula. Since both 


. venae cavae were snared, the coronary sinus 


effluent was discarded from the systemic ve- 
nous return by direct suction into the right 
atrium. 

GROUP 2: RETROGRADE CORONARY SINUS PER- 
FUSION (RcsP). Immediately after aortic cross- 
clamping, the right atrium was opened. Care 
was taken to insert the inferior vena cava can- 
nula into the posterior part of the right atrial 
wall close to the interatrial sulcus, so that the 
short atriotomy (3 cm long) could be easily 
made on the anterior free aspect of the right 
atrium parallel to the atrioventricular groove. 
This approach provides direct visibility of the 
coronary sinus. 
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A balloon-tipped catheter was positioned in 
the proximal portion of the coronary sinus. A 
_12F Foley catheter was used in all patients; 
however, since the completion of this study, we 
have designed a specific retroperfusion cathe- 
ter. The balloon was manually inflated until the 
orifice of the coronary sinus was occluded, thus 
preventing any backflow of the cardioplegic 
solution. Effective retroperfusion was demon- 
strated by the achievement of complete elec- 
tromechanical inactivity in the heart and the 
collection of part of the retroperfusate in the 
aortic root. As expected from the drainage flow 
patterns of the coronary sinus, the largest 
amount of perfusate was consistently noted to 
come from the left coronary ostium. The per- 
fusion pressure was continuously monitored 
by a fluid-filled catheter connected through a 
double-channel stopcock to the proximal end of 
the retroperfusion catheter. The flow rate was 
adjusted to keep the perfusion pressure in the 
range of 40 mm Hg; consequently, the duration 
of cardioplegic perfusion was longer in this 
group than in Group 1, averaging 20 minutes 
for the first cardioplegic delivery and 10 min- 
utes for the successive infusions. In spite of this 
almost continuous cardioplegia, the operative 
. field remained quite clear. The balloon was 
kept inflated until the aortotomy was closed, 
thus allowing the cardioplegic infusion to be 
repeated without interrupting the surgical pro- 
cedure. While the aorta was being closed, the 
perfusion catheter was withdrawn from the 
right atrium. The right atriotomy was closed 
with a running suture, and the initial blood re- 
perfusion was then initiated, as described pre- 
viously. 


Data Collection and Studies 
OPERATIVE DATA. The operative field and elec- 


- , trocardiograms were observed carefully during 
` the period of aortic cross-clamping to identify 


cessation and return of electromechanical ac- 
tivity. Temperature recordings were obtained 
using a needle thermistor (Yellow Springs In- 
strument Co., Yellow Springs, OH) inserted 
midway into the interventricular septum. 
POSTOPERATIVE DATA. Assessment of the 
postoperative clinical course was based on 
the incidence of postbypass spontaneous de- 
fibrillation, electrocardiographic evidence of 


myocardial infarction or arrhythmias, need for 
inotropic drugs, and mortality rate. How- 
ever, since these clinical criteria are known 
to lack sensitivity, one specific purpose of our 
study was to investigate postoperative hemo- 
dynamic status, as evidenced by serial mea- 
surements of cardiac output (CO). Radial ar- 
tery and thermistor-tipped pulmonary artery 
catheters (Swan-Ganz 93 A and 118 7F) were in- 
serted preoperatively in all patients. Cardiac 
output determinations were made in triplicate 


„by the thermodilution technique at 1, 6, 12, 18, 


and 24 hours after operation. 
The cardiac index (CI) was calculated from 
the CO and the body surface area (BSA) as 


CI = CO/BSA 


Stroke volume (SV) was calculated from CO and 
heart rate (HR) according to the formula 


SV = CO/HR 


Left ventricular stroke work (LVSW) was calcu- 
lated from mean arterial pressure (AP), pulmo- 
nary capillary wedge pressure (PCWP), CO, 
and HR as 


LVSW = CI x (AP — PCWP) x 13.6/HR 

Right ventricular stroke work (RVSW) was cal- 
culated from CO, mean right atrial pressure 
(RAP), mean pulmonary artery pressure (PAP), 
and HR according to the formula 


RVSW = CI x (PAP — RAP) x 13.6/HR 


The stroke volume index (SVI), left ventricular 
stroke work index (LVSWI), and right ven- 


‘tricular stroke work index (RVSWI) were ob- 


tained by dividing corresponding values of SV, 
LVSW, and RVSW by the BSA [16]. 

In addition, the left ventricular ejection frac- 
tion (LVEF) was measured in the Group 2 pa- 
tients before and after operation using both the 
first-pass technique and gated cardiac blood 
pool scintigraphy. Images were obtained after 
the intravenous injection of 10-uCi, technetium 
99m—labeled red blood cells. Data were re- 
corded from 200 to 300 beats to obtain an aver- 
age cardiac cycle. The scintillation camera (Op- 
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Table 3. Postoperative Hemodynamic Data? 





At 1 hr At 6hr At 12 hr At 18 hr 

Variable ACP RCSP ACP RCSP ACP RCSP ACP RCSP ACP 

Heart rate 110.50 89.33 - 98.58 84.33% 93.16 84.16 92.25 82.25 100.83 
(beats/min) £3.76 +£7.42 £3.35 + 4.20 +£3.77 +3.78 £3.11 £4.97 + 4.06 

Mean arterial 95.58 96.66 85.16 84.16 86.25 86.88 89.33 94.33 93.16 
pressure £7.55 + 6.77 +7.80 +£3.54 +3.94 + 4.80 Ł 6.59 +5.52 + 4.19 
(mm Hg) 

Mean right 11.90 9.77 10.41 10.08 8.66 11.00 10.83 12.58 9.25 
atrial pressure +2.02 +110 +1.77 +0.55 t113 +0.75 +1.19 +0.87 + 0.88 
(mm Hg) 

Mean pulmonary 21.91 25.66 18.91 22.33 21.36 23.45 22.25 24,91 19.83 
artery pressure +3.22 +265 + 2.24 + 2.49 +2.07 +1.82 ` +2.20 + 1.82 + 2.14 
(mm Hg) 

Cardiac index 2.76 2.54 3.02 2.96 2.97 2.86 3.24 2.87 3.23 ; 
(Limin/m?) +021 +£0.36 +0.17 +£0.23 +0.18 + 0.20 +0.22 +0.18 + 1.73 


2A]! values shown are mean + SEM. 
Significance: p < 0.02. 
°Significance: p < 0.05. 
‘Significance: p < 0.001. 


ACP = antegrade coronary perfusion (Group 1; N = 12); RCSP = retrograde coronary sinus perfusion (Group 2; N = 12). 


ticamera, C.G.R., Paris) images were syn- 
chronized with the patient’s electrocardiogram 
using the QRS complex as the reference point, 
and the R-R segment was divided into twelve 
time intervals. Gated blood images were ob- 
tained in the anterior and 30° left anterior 
oblique projections. A computerized determi- 
nation of the LVEF (Cine 200, Intertechnique, 
Paris) was obtained from the gated blood pool 
scans recorded at end-systole and end-diastole. 
Preoperative LVEF measurements were found 
to compare favorably with those obtained at 
left-heart catheterization in our laboratory (y = 
0.879; x = 1.80; r = 0.75; p < 0.001). The post- 
operative radionuclide angiographic study was 
performed an average of eight days following 
the surgical procedure. 


Statistical Data Analysis 

The significance of difference between the 
means of the two groups at each study period 
was evaluated using the nonpaired Student's t 
test. The threshold of statistical significance 
was considered to be p < 0.05. 


Results 

Operative Data . 

In both groups, cessation of electromechanical 
activity occurred within 2 minutes in all pa- 
tients. In no patient did electromechanical ac- 


tivity return during the interval between the 
cardioplegic infusions. The myocardial temper- 
ature was found to remain below 20°C in both 
groups of patients. 


Postoperative Data 
The postoperative clinical course was similar 
in both groups. Defibrillation was obtained 
spontaneously or after a single electric. counter- 
shock in 8 patients in Group 1 and 6 patients 
in Group 2. No serious arrhythmias or new 
myocardial infarctions appeared postopera- 
tively. Four patients in Group 1 and 2 patients 
in Group 2 required transient pharmacologi- 
cal inotropic support. One non-cardiac-related 
death from sepsis occurred in Group 1 during 
the time of this study. 

The hemodynamic results are detailed in 
Table 3 and Figures 1, 2, and 3. The principal 
findings can be summarized as follows: 


1. The recovery of myocardial performance, as 
evidenced by the serial determinations of CI, 
SVI and LVSWI, was comparable in both 
groups at each study period. All patients ex- 
hibited a similar pattern; there was a pro- 
gressive increase of these indices throughout 
the 24 initial postoperative hours, suggest- 
ing that our protocol of cardioplegia afforded 
adequate myocardial preservation, which 
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Fig 1. Postoperative evolution of stroke volume index 
(SVI). (CP = coronary perfusion; RCSP = retrograde 
coronary sinus perfusion.) 
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Fig 2. Postoperative evolution of left ventricular stroke 


work index (LVSWI). (See Fig 1 for explanation of other 


abbreviations.) 





POST-OR HOURS 


Fig 3. Postoperative evolution of right ventricular 
stroke work index (RVSWI). (See Fig 1 for explanation 
of other abbreviations.) 


seemed to be independent of the route of 
cardioplegic delivery. Absolute values of Cl 
tended to be slightly higher in Group 1. 
However, since HR was consistently lower 
in Group 2, with significant differences at 1 
hour (p < 0.02), 6 hours (p < 0.02), and 24 
hours (p < 0.05) postoperativeiy, the result- 
ing values of SVI were similar in both 
groups. 

The only difference between the two groups 
was seen in measurements of right heart 
pressures following RCSP. The RAP was 
found to be more elevated in Group 2 than in 
Group 1 from the 12th postoperative hour, 
the difference being significant at 24 hours 
after operation (p < 0.001). The PAP was 
consistently higher in Group 2 throughout 
the postoperative course but the difference 
reached statistical significance only at 24 
hours after operation (p < 0.05). A review of 
our postoperative records suggests that these 
increased right-sided pressures are most 
likely related to larger volume loading in 
Group 2 patients rather than to’ RCSP- 
induced right ventricular failure. This hy- 
pothesis tends to be confirmed by the simi- 
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larity of RVSWI values in both groups at 
each postoperative interval and by the pre- 
viously mentioned finding of a slower heart 
rate during the entire postoperative course 
following RCSP. 

3. The absence of major RCSP-induced intra- 
operative myocardial injury was further at- 
tested by the marked improvement in the 
LVEF, which rose from 43.8 + 4.76% (mean 
+ standard error of the mean [SEM] before 
operation to 55.5 + 4.11% after operation (p 
< 0.01). 


Comment 

Rationale for Using Retrograde 

Coronary Sinus Perfusion 

A few years ago, one of the main arguments for 
advocating the use of hypothermia as an elec- 
tive technique of myocardial preservation was 
that coronary artery perfusion yielded an un- 
predictable risk of coronary intimal damage, 
-resulting in acute intraoperative dissection or 
late ostial stenosis [4, 5]. From a technical 
standpoint, the inconvenience and time con- 
sumed by positioning cannulas also led to dis- 
satisfaction with coronary perfusion. 

At present, myocardial preservation is usu- 
ally achieved by chemical cardioplegia com- 
bined with hypothermia [1]. In aortic valve 
surgery, direct cannulation of both coronary 
ostia cannot be avoided in delivering the car- 
dioplegic solution, either at the onset of isch- 
emic arrest if aortic insufficiency is present, 
or subsequently during the procedure in all 
cases where intermittent cardioplegia is used. 
There are obvious technical differences be- 
tween the continuous perfusion of blood in a 
beating heart as it used to be performed, and 
the brief and intermittent infusion of a car- 
dioplegic, often asanguineous, perfusate on a 
cold and arrested heart. However, since the 
mechanism of the previously reported postcan- 
nulation ostial stenosis has remained un- 
clarified [5], there is no convincing evidence 
that such lesions cannot occur following direct 
intracoronary multidose cardioplegia. Actually, 
this risk has been substantiated by various un- 
published reports (including two personal 
cases) of patients exhibiting a typical pattern of 
postcannulation ostial stenosis after the inter- 


mittent intracoronary infusion of a cardioplegic 
solution. These observations led us to reevalu- 
ate the application of RCSP for the delivery of 
cardioplegia during aortic valve procedures. 
Patients with aortic valve disease have also 
been reported to have a high incidence of coro- 
nary artery lesions [17], not all of which are 
amenable to bypass grafting. In such situations, 
the standard antegrade ‘coronary perfusion 
technique may not be adequate: an uneven 
distribution of the cardioplegic solution has 
been clearly demonstrated beyond the coronary 
obstructions [18]. These considerations pro- 
vide another basis for delivering the cardio- 
plegic solution through the coronary sinus, es- 
pecially since the coronary venous system has 
been shown to be free of any obstructing 
atherosclerotic disease [19]. 

The concept of retrograde perfusion as a 
mode of myocardial preservation is not new; 
RCSP with oxygenated blood was used experi- 
mentally [7] and clinically [8] in the early years 
of cardiac surgery to sustain the heart during 
open aortic procedures. However, this tech- 
nique was soon found to be inadequate for 
valvular cases requiring a lengthy operation. 
Retrograde coronary sinus perfusion was dis- 
carded as techniques of selective antegrade 
coronary perfusion and hypothermia were de- 
veloped. After a hiatus of almost 20 years, 
growing interest in cardioplegia led some in- 
vestigators to an experimental reappraisal of 
RCSP. These authors reported that cardioplegic 
solutions [12] or oxygenated hypothermic blood 
[13] delivered through the coronary sinus could 
provide substantial preservation of the myo- 
cardium during ischemic arrest. In another 
study [20], retrograde asanguineous perfusates 
were shown to permeate major areas of the 
myocardium, especially those normally sup- 
plied by the left anterior descending artery. 
Incidentally, comparison of sinograms and ar- 
teriograms as to the degree of myocardial 
opacification demonstrated the microvascula- 
ture of the left ventricular subendocardial layers 
to be more extensively opacified after retro- 
grade perfusion. Retrograde drainage patterns 
also confirmed that the principal run-off in 
this mode of perfusion was the Thebesian- 
sinusoidal system [12]. Microsphere trapping 
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through the retrograde capillary artery route, 
which is the main pathway for retrograde car- 
diac nutrition, was found to be approximately 
20 to 30% of the initial retroperfusate [12, 20, 
21]. 


From these data, one would expect that RCSP_ 


using oxygenated blood would not be able to 
meet the metabolic requirements of a working 
ischemic heart, a finding that most likely ac- 
counts for the limited clinical interest generated 
by the early surgical attempts with retroperfu- 
sion. On the other hand, the extensive venous 
network developed throughout the thickness of 
the myocardium could be expected to make 
RCSP an efficient means of providing core 
cooling and delivering cardioplegic perfusates 
in an arrested, hypothermic, vented heart [12]. 
This hypothesis is confirmed by the present 
clinical study, which on the basis of serial post- 
operative hemodynamic measurements did not 
find a significant difference between RCSP and 
antegrade coronary perfusion as a method of 
delivering cardioplegia during aortic cross- 
clamping. 


Advantages of Retrograde Coronary 

Sinus Perfusion 

The basic purpose of our study was to assess 
whether RCSP afforded functional preservation 
at least equal to that provided by antegrade 
coronary perfusion. In addition to affirmatively 
answering this question, our experience sug- 
gests that RCSP offers the following advan- 
tages: 


1. It avoids the aforementioned risk of trau- 
matic lesions of the coronary arteries. 

2. It allows the surgical procedure to be per- 
formed without interruption. Since the bal- 
loon catheter is kept inflated during the pe- 
riod of ischemia, the cardioplegic infusions 
can be repeated as often as necessary with- 
out blocking the operative field with the 
coronary artery perfusion cannulas. 

3. Because of the low flow rate, the period of 
cardioplegic delivery is longer than with 
antegrade coronary perfusion. The benefits 
of prolonged cardioplegic perfusion [1, 22] 
include maintenance of arrest, maintenance 
of hypothermia, removal of acid metabolites, 


maintenance of appropriate pH, and effec- 
tive delivery of substrates. A theoretical ob- 
jection to prolonged cardioplegic infusion 
rests with the potential for formation of 
myocardial edema. However, experimental 
data reported by Engelman [23] failed to 
document any appreciable accumulation of 
water following a two-hour period of low- 
pressure, continuous antegrade cardiople- 
gia; moreover, continuous cardioplegia has 
been effectively used clinically in coronary 
revascularization procedures [24]. In our 
study, we used a low perfusion pressure [25] 
and a hyperosmolar perfusate [26], as both 
of these measures are known to be effective 
in preventing cellular swelling. It should be 
noted that although our experience with 
RCSP is limited to crystalloid cardioplegia, 
blood cardioplegia can also be used, since a 
prolonged period of cardioplegic perfusion 
is expected to enhance the uptake of oxygen 
by the retroperfused myocardium [8, 27]. 
That oxygen can be extracted when blood 
flow is established through the coronary 
sinus is further supported by recent experi- 
mental data showing that diastolic retro- 
perfusion results in increased oxygen de- 
livery in ischemic areas [28]. As previously 
stated, the retrograde blood flow supplies 
only 14 to 25% of the normal oxygen re- 
quirements [21]. This should represent a 
sufficient amount of delivered oxygen to 
cover the reduced needs of a hypothermic 
arrested heart [11]. 


. In patients with severe coronary obstruc- 


tions, RCSP might produce a more uniform 
distribution of the cardioplegic solution in 
the myocardial areas supplied by the dis- 
eased arteries. This hypothesis is confirmed 
by the experimental data reported by Solor- 
zano and associates [12]; their results show 
that total occlusion of the left anterior de- 
scending and circumflex arteries for 60 min- 
utes does not appear to decrease the effec- 
tiveness of cardioplegia delivered through 
RCSP, as evidenced by intraoperative tem- 
perature measurements and postoperative 
hemodynamic and ultrastructural studies. 
These findings contrast with the frequent 
clinical observation that cold cardioplegic 
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infusions in coronary patients result in 
nonhomogeneous ventricular cooling, with 
occasional persistence or recurrence of elec- 
tromechanical activity in areas of stenotic 
coronary arteries and, consequently, post- 
ischemic localized abnormalities of wall mo- 
tion [18]. 


Limitations of Retrograde Coronary 
Sinus Perfusion 
INADEQUATE PRESERVATION OF THE RIGHT VEN- 
TRICLE. Anatomical studies in dogs [13, 29] have 
shown that most of the right ventricle and the 
posterior part of the interventricular septum are 
not drained by the coronary sinus. Although 
the human drainage patterns seem to be more 
favorable [7], inadequate preservation of the 
right ventricle might limit the clinical relevance 
of RCSP. This objection is not supported by our 
data. Intraoperatively, the right ventricle was 
noted to remain arrested, and its temperature 
was not higher than that of the left ventricle—a 
finding consistent with the experimental ob- 
servations of Solorzano and associates [12]. 
Postoperatively, RAP and PAP were found to 
be significantly higher in Group 2 than in 
Group 1 at the 24th postoperative hour. These 
data are unlikely to reflect an impaired right 
ventricular function, since they occurred late in 
the postoperative course and the RVSWI was 
similar in both groups at each study period. We 
would rather assume that the higher right- 
sided pressures recorded in Group 2 patients 
were related to a more adequate volume load- 
ing, as suggested by the consistently slower 
heart rate exhibited by these patients through- 
out the postoperative period. It is true, how- 
ever, that our hemodynamic criteria may have 
lacked sensitivity, so a moderate degree of 
postoperative right ventricular failure cannot be 
totally excluded. Should such a failure have oc- 
curred, it apparently would not have precluded 
the overall recovery of adequate myocardial 
performance, as evidenced by the gradual rise 
of CI, SVI, and LVSWI postoperatively, and the 
significant improvement in the postoperative 
LVEF. We believe that topical hypothermia 
greatly contributed to the preservation of the 
right ventricle [30]. 

Our preliminary pathological studies have 


also shown that veins coming from the right 
side of the heart and the posterior part of the 
interventricular septum drain into the more 
distal part of the coronary sinus—as close as 0.5 
cm from its termination in the right atrium—a 
finding consistent with the previous observa- 
tions of Gott and associates [7]. Consequently, 
the inflation of a spherical balloon similar 
to that of a Foley catheter might be expected 
to occlude the ostia of these distal venous 
collaterals and decrease the amount of car- 
dioplegic solution reaching the right-sided car- 
diac structures. Therefore, we have designed a 
specific retroperfusion catheter equipped with 
a discoid-shaped balloon (Fig 4), which allows 
the balloon to be inflated without preventing 
any venous collateral from being perfused with 
the cardioplegic solution (Fig 5). 

CORONARY VENOUS INJURY. In our early ex- 
perience, we encountered two cases of venous 
injury. Surprisingly, the lesion in both patients 
was located on the great cardiac vein, below the 
left appendage. Because of the distal location of 
these lesions, they were probably not the result 
of excessive distention of the coronary sinus 
wall produced by the inflated balloon. Too high 
a perfusion pressure seems a more likely expla- 
nation since, for technical reasons, the perfu- 
sion pressure was not monitored in these two 
patients. 

Although both lesions were successfully re- 
paired, their occurrence emphasizes the critical 
importance of maintaining the perfusion pres- 
sure below 40 mm Hg [7, 9, 20]. Pressures above 
60 mm Hg have been shown to cause venular 
damage and hemorrhage [31]. In addition to 
being harmful, high perfusion pressures do not 
proportionately increase the nutritional retro- 
grade flow established through the capillary 
arterial route [7]. In our experience, mainte- 
nance of the perfusion pressure in the range of 
40 mm Hg was consistently achieved by ad- 
justing the flow rate to an average of 30 to 50 ml 
per minute, a value similar to others reported 
previously [6, 9]. 

NECESSITY FOR ANOTHER CARDIOTOMY. The 
necessity for a right atriotomy does not compli- 
cate the surgical procedure appreciably; the 
cross-clamping times were the same in both 
groups. Furthermore, in patients with aortic 
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A 


Fig 4. Retrograde coronary sinus perfusion catheter 
with discoid-shaped balloon (A) deflated and (B) in- 
flated (inset). 


Fig 5. Barium injection of a human heart, showing the 
degree of retroperfusion achieved through the coronary 
sinus. Note the extensive network of microvessels in 
both ventricles. 








December 1982 


and mitral valve disease and in those with acute 
infective endocarditis of the aorta, the right 
atriotomy may have the additional advantage 
of allowing direct visibility of the tricuspid 
apparatus. 

In conclusion, RCSP appears to be a simple 
and effective technique for delivering cardio- 
plegic perfusates during aortic valve operations. 
Further investigations are warranted to assess 
whether the use of RCSP during coronary 
bypass procedures could effectively circumvent 
the difficulty of achieving uniform hypothermic 
cardioplegia in the presence of severe coronary 
obstructions. It should be emphasized that the 
experimental and clinical ability of RCSP to 
adequately provide core cooling and deliver 
cardioplegic perfusates has been established in 
the context of an acute ischemic injury. Con- 
sequently, these studies do not allow us to draw 
definite conclusions as to the validity of surgi- 
cal arterialization of the coronary venous sys- 
tem in patients with severe coronary artery dis- 
ease that is not amenable to conventional 
bypass grafting procedures [10]. 
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Discussion 

DR. CARLOS G. DURAN (Santander, Spain): We have 
been interested in retrograde cardioplegia for some 
time, but only in an experimental context and not yet 
in the clinical setting. We used the technique in two 
groups of dogs, with 2 hours of ischemia. One group 
had intermittent antegrade crystalloid cardioplegia, 
and the other had continuous cold blood retrograde 
cardioplegia. There was a very definite difference 
between the two groups after 2 hours of ischemia in 
terms of left ventricular function, adenosine triphos- 
phate and creatine phosphate levels, and other 
related variables. However, we didn’t apply retro- 
grade cardioplegia clinically, because we encoun- 
tered some technical difficulties. I am particularly 
interested in one problem mentioned by Dr. 
Menasché: anatomical variations of the coronary 
sinus both in dogs and human beings sometimes 
make it difficult to hold the perfusing catheter in 
place. Moreover, we consider it essential to continu- 
ously measure the pressure in the infusion line to 
prevent it from rising above 40 mm Hg; it is also nec- 
essary to vent the right ventricle. Otherwise, I think 
retrograde perfusion is a very useful technique: it 
allows the surgeon to forget about cardioplegia and 
get on with the operation. 


DR. DAVID M, LOLLEY (Madisonville, KY): At the Marsh- 
field Clinic, we have done 10 aortic valve replace- 
ments using low-pressure retrograde perfusion of the 
sinus, and have found results to be equivalent to 
those of antegrade coronary delivery of cardioplegia. 
The technique proved particularly effective in a pa- 
tient with a dissecting aortic aneurysm involving the 


aortic valve and the coronary arteries. Again, the ad- 
vantages are that coronary cannulas are kept out of 
the operative field, and that there is no risk of trauma 
to the coronary arteries. 

India ink experiments in baboon hearts have 
shown that the retroperfusate can permeate the 
myocardium. The left ventricular myocardium is in- 
tensely stained by the coronary sinus retroperfusate. 
This intense ink permeation occurs in the left ven- 
tricular section, the subendocardial section, and the 
pavillary muscle. However, there is a lack of retro- 
perfusion in portions of the septum and the right 
ventricle. 

In such hearts, there is an intense microvascular 
permeation by retrograde perfusion. The microvas- 
cular bed permeated by the retroperfusate, which is 
in close intimal approximation to the myocardial cell, 
is metabolically active and can thus assume a role in 
cardioplegia. 


DR. MENASCHE: I would like to thank the discussants 
for their comments. 

In reply to Dr. Durán, it is true that the design of 
the catheter is important. However, although we 
have developed a catheter specifically for retroperfu- 
sicn, it should be stressed that a very simple balloon 
catheter can be used safely and efficiently. I also 
agree that it is critical to monitor the perfusion pres- 
sure, since the greatest complication of this tech- 
nique is venous injury resulting from an excessively 
high perfusion pressure. 

Dr. Lolley has certainly done some pioneering 
work in the field of coronary retroperfusion, and I 
think that his data strongly support the effectiveness 
of this technique. 


Clinical Results of Cardiopulmonary Bypass 
with Selective Cerebral Perfusion for Aneurysm 
of the Ascending Aorta and the Aortic Arch 


Yasuhiro Soma, M.D., Kozo Kawada, M.D., Nobuatsu Kono, M.D., 


Hiroji Imamura, M.D., Ryohei Yotsu, M.D., 


Shigeto Odagiri, M.D., and Tadashi Inoue, M.D. 


ABSTRACT The purpose of this report is to de- 
scribe our experience using cardiopulmonary. bypass 
with selective cerebral perfusion in 10 patients 
whose aneurysms required cross-clamping the aorta 
and brachiocephalic vessels. Cerebral perfusion was 
carried out with individual roller pumps. Flow rate 
was 11.2 + 4.8 ml per kilogram of body weight per 
minute to the right axillary artery, 8.5 + 1.0 to the 
right common carotid artery, 7.0 + 2.0 to the left 
common carotid artery, and 3.9 to the left subclavian 
artery. All the patients came off bypass smoothly, 
and only 3 required small amounts of inotropic 
agents postoperatively. One patient with mycotic 
aneurysm died in the fourth postoperative week of 
massive bleeding due to disruption of the suture 
line. No cerebral complications were experienced. 
The operative results of this series suggest the use- 
fulness of cardiopulmonary bypass with selective 
cerebral perfusion, and reasonably favorable out- 
look for patients with aneurysm involving the aortic 
arch and the ascending aorta. 


Although more than twenty years have passed 
since DeBakey and associates [1] reported suc- 
cessful resection of aneurysm of the aortic arch, 
it stil remains a challenging clinical entity. 
Aneurysms limited to the ascending aorta are 
resected and replaced during standard car- 
diopulmonary bypass, which provides cerebral 
perfusion. However, resection of an aneurysm 
of the aortic arch usually requires cross- 
clamping of the aorta and brachiocephalic ves- 
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sels, which causes cardiac overload and serious 
ischemic damage to the brain, the spinal cord, 
and the other peripheral organs. Some suppor- 
tive measures have therefore been employed, 
such as cardiopulmonary bypass with selective 
cerebral perfusion, temporary external bypass 
[2], hypothermia, and circulatory arrest. Car- 
diopulmonary bypass with selective cerebral 
perfusion was chosen at our hospital because it 
allowed easy establishment of cerebral circula- 
tion by insertion of cannulas into brachio- 
cephalic vessels and exclusion of the ascending 
aorta or the aortic arch from the natural circula- 
tion before the aneurysm is dissected. 

The operative results were disappointing in 
our early experience, and it is still difficult 
to know the adequacy of cerebral perfusion. 
Since 1975, however, only 1 patient has died 
among 10 whose lesions required occlusion of 
brachiocephalic vessels and the descending 
aorta. This article describes our experience with 
this technique in those 10 patients. 


Materials and Methods 

During the 44-year period from July, 1975, to 
October, 1979, 10 patients were operated on for 
thoracic aortic aneurysm using cardiopulmo- 
nary bypass with selective cerebral perfu- 
sion (Table 1). They ranged in age from 35 to 76 
years (mean age, 52.3 years). Seven patients 
were men and 3 were women. There were 
four dissecting aneurysms, three mycotic, two 
atherosclerotic, and one syphilitic aneurysm. 
The 3 patients with mycotic aneurysms had had 
previous operations such as combined resec- 
tion of the trachea and the brachiocephalic ar- 
tery for thyroid cancer (Patient 3), open mitral 
commissurotomy (Patient 9), and aortic valve 
replacement (Patient 10). The location of the 
aneurysm (excluding the dissecting aneurysm) 
was the ascending aorta in 2 patients and the 
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Table 1. Data on 10 Patients Who Were Operated on Using 
Cardiopulmonary Bypass with Selective Cerebral Perfusion? 


Patient No., Operative 
Age (yr), Sex Location of Aneurysm Cause Procedures Results 
1.52,M Arch Atherosclerosis Patch Alive 
2. 76, M Arch Atherosclerosis Patch Alive 
3.49, M Arch Infection Patch Dead of infection 
4. 68, F Arch Syphilis Prosthetic graft Alive 
5. 48, F DeBakey type II Dissection Prosthetic graft Alive 
6. 54, F DeBakey type II Dissection Prosthetic graft Alive 
7. 35,M DeBakey type I Dissection AVR + closure of Alive 
+AR false channel 
8. 44, M DeBakey type I Dissection AVR + closure of Alive 
+ AR false channel 
9. 56, M Ascending aorta Infection Patch Alive 
10. 41, M Ascending aorta Infection Patch Alive 


*There were no cerebral complications in this series. 


AR = aortic regurgitation; AVR = aortic valve replacement. 


Etiology 


Location of aneurysm 






Aortic arch LS 
(4) Dee 
Dissection 


{ )=number of patients 


Fig 1. Pathological findings. 


aortic arch in 4 (Fig 1). The reason this tech- 
nique was applied to mycotic ascending aortic 
aneurysm (Patients 9, 10) was that it was neces- 
sary to occlude blood flow to the aneurysm be- 
fore reaching it, for fear of rupture. Of the 4 pa- 
tients with dissecting aneurysm, the technique 
was used in Patient 5; the proximal clamp was 
placed across the aorta between the brachio- 
cephalic artery and the left carotid artery. In 
Patient 6, reconstruction of brachiocephalic 
vessels with prosthetic grafts was carried out. 
In Patients 7 and 8, a cannula for body per- 
fusion was inserted into the true channel 
of the aorta through the proximal part of the 
brachiocephalic artery, and the right hemi- 


sphere of the brain was perfused through the 
right axillary artery (Fig 2). 


Results 

Blood was drained from the superior and in- 
ferior venae cavae in all but 2 patients with 
mycotic ascending aortic aneurysm; in those 
patients, venous cannulas were inserted into the 
femoral vein and the right ventricular outflow 
tract to facilitate access to the right atrium 
(Patients 9, 10). The bubble oxygenator was 
employed. The femoral artery was used for 
body perfusion in all patients except 2 with 
dissecting aneurysm (Patients 7, 8). Sites of 
cannulation for cerebral perfusion were chosen 
from the right axillary, right carotid, left 
carotid, and left axillary arteries in individual 
patients by location, extent, and cause of the 
aneurysm (see Fig 2). Blood was returned 
through arterial lines that each had a separate 
roller pump. The lowest esophageal tempera- 
ture ranged from 15° to 35°C (mean, 26.3° + 
5.8°C). Aortic clamping time ranged from 50 to 
116 minutes (mean, 81.8 + 22.5). Cerebral per- 
fusion time was between 77 and 194 minutes 
(mean, 121.8 + 43.6). Total perfusion time 
ranged from 89 to 216 minutes (mean, 162.4 + 
38.1). The total flow rate of body and cerebral 
perfusion ranged from 44.5 to 68.8 ml per kilo- 
gram of body weight per minute (mean, 56.9 + 
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( }=the ascending aorta was opened 


Fig 2. Method of cardiopulmonary bypass with selective 
cerebral perfusion. 


9.4). The flow rate to the right axillary, right 
carotid, left carotid, and left subclavian arteries 
ranged from 4.2 to 19.2 ml/kg/min (mean, 11.2 
+ 4.8), 7.8 to 9.3 (mean, 8.5 + 1.0), 2.8 to 
9.3 (mean, 7.0 + 2.0), and 3.9, respectively 
(Fig 3). The flow rate for cerebral perfusion was 
830 + 278.2 ml per minute, on the average, in 7 
patients whose cerebral circulation was main- 
tained exclusively by roller pumps (Patients 
1-4, 6, 9, and 10). Blood pressure of cerebral 
perfusion lines as measured in 3 patients was 
between 60/40 and 130/100 mm Hg when flow 
rate was from 4.2 to 12 mi/kg/min. Arteriot- 
omies were closed by direct suture within 90 
seconds after removal of cannulas. 

Operation was performed with the heart 
beating while the ascending aorta was cross- 
clamped in 4 patients, in 1 of whom ventricular 
fibrillation developed. Protection of the heart 
was accomplished in recent operations by in- 
termittent coronary perfusion (1 patient), top- 
ical cooling alone (2 patients), and cardioplegia 
with topical cooling (3 patients). A left ven- 
tricular vent was employed in all patients when 
the ascending aorta was not opened (Table 2). 

The chest was entered through a median 
sternotomy with a left anterolatera. thoracot- 
omy in 5 patients, a median sternotomy alone 
in 4 patients, and bilateral thoracotomy in 1 
patient. When a median sternotomy with a 





1 2 


Flow rate 
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LCA 


RAx RCA LSA 


Fig 3. Cerebral perfusion. (RAx = right axillary artery; 
RCA = right carotid artery; LCA = left carotid artery; 
LSA = left subclavian artery.) 


left anterolateral thoracotomy was used, the in- 
cision in the fourth intercostal space was lim- 
ited to 2 cm outside the left sternal border, not 
transecting the left half of the sternum, in order 
to open the median sternotomy as much as in 
the ordinary cardiac operation. Operative pro- 
cedures involved replacement with prosthetic 
graft in 3 patients, patch closure in 5 patients, 


n 
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Table 2. Preservation of Myocardium? 








Intermittent Cardioplegia 
Operative Coronary Beating + Topical Topical 
Technique Perfusion Heart Cooling Cooling 
Ascending aorta 1 0 3 2 
opened 
Ascending aorta 0 4 0 0 
not opened 





*Figures are numbers of patients. 


and aortic valve replacement with end-to-end 
anastomosis of the aorta after resection of the 
initial tear in 2 patients. All patients came off 
bypass smoothly, and only 3 required small 
amounts of an inotropic agent postoperatively. 
One patient with mycotic aneurysm (Patient 3) 
died in the fourth postoperative week of mas- 
sive bleeding due to disruption of the suture 
line. One patient (Patient 9) had hepatitis three 
months after operation. 


Comment 

The operative results in patients with aortic 
aneurysm have been greatly improved, but re- 
section and replacement of an aneurysm in- 
volving the aortic arch remains a surgical chal- 
lenge. The problems of this operation include 
severe cardiac overload, serious ischemic dam- 
age to the brain and spinal cord caused by 
cross-clamping of the aorta, difficulty of ob- 
taining good exposure due to anatomical char- 
acteristics of the aortic arch itself, and hemor- 
rhage. 

In order to avoid serious complications in- 
volving the heart, the brain, and the spinal 
cord, various supportive measures have been 
employed, including temporary external bypass 
[2-4], permanent bypass [4], cardiopulmonary 
bypass with selective cerebral perfusion [3, 
5-8], cardiopulmonary bypass in conjunction 
with permanent bypass grafts [9, 10], and total 
circulatory arrest under profound hypothermia 
[11]. We preferred cardiopulmonary bypass 
with selective cerebral perfusion as long as 
clinical findings did not preclude application of 
cardiopulmonary bypass. The advantages of 
this method are prompt establishment of cere- 
bral perfusion, removal of cardiac strain, and 
exclusion of the aneurysm from the circulation 


before it is dissected. The disadvantages in- 
clude lack of knowledge about the adequate 
flow rate for cerebral perfusion, and necessity 
for administration of heparin. 

Although the actual flow requirement of the 
brain during perfusion was partly guesswork in 
the individual patient, it recently was fixed at 
about 750 ml based on the fact that the normal 
cerebral blood flow rate was about 55 ml per 100 
gm per minute under normothermia, and the 
weight of the brain was about 1,400 gm on the 
average [12]. Crawford and colleagues [5] re- 
ported that excessive pressure and flow rate 
may be harmful; they favored low pulsatile 
pressure and a low flow rate. There were no 
cerebral complications in our experience, but 
our flow rate might be better reduced, taking 
into account the fact that our patients were 
under moderate hypothermia, and oxygen con- 
sumption of the brain at 30°C is reduced to 50% 
of that at 35°C [13]. About 60% of the total cere- 
bral perfusion was sent from the right axillary 
artery as the aggregate flow for the right carotid 
and right vertebral arteries, and the remaining 
40% was sent from the left carotid artery. 
Bloodwell and associates [6] proposed perfu- 
sion of the left subclavian artery by a separate 
pump to prevent the “subclavian steal” phe- 
nomenon. We found that this phenomenon 
might not be clinically significant as long as 
sufficient blood flow is maintained through the 
carotid arteries, because our patients showed 
complete recovery of cerebral function without 
left subclavian artery perfusion. Pearce and 
colleagues [14] reported the elimination of sepa- 
rate pumps for perfusion of the cerebral arteries 
and considered that cerebral vascular resistance 
would regulate cerebral blood flow. We used 
individual pumps in order to ensure delivery of 


663 Soma et al: CPB with Cerebral Perfusion for Aortic Aneurysm 


the predetermined flow rate; this did not make 
the perfusion technique so complicated that we 
had to discontinue use of the pumps. Bleeding 
after cardiopulmonary bypass had been a 
disastrous problem in our early experience. In 
this series, however, it was no longer a serious 
complication because we adopted the graft in- 
clusion technique without resection of the 
aneurysm, administered adequate protamine 
(based on measurement of the activated clotting 
time), and transferred platelets when required. 

Although the adequate flow rate and pressure 
for cerebral perfusion as well as the place of 
left subclavian arterial perfusion still remain 
obscure from our limited experience, the oper- 
ative results of this series suggest the useful- 
ness of cardiopulmonary bypass with selective 
cerebral perfusion, and a reasonably favorable 
outlook for patients with aneurysm involving 
the aortic arch. 
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ABSTRACT One hundred ten patients with pri- 
mary chest wall neoplasms were analyzed for long- 
term results. The diagnosis of 59 malignant and 51 
benign tumors was confirmed by the Armed Forces 
Institute of Pathology. No deaths were associated 
with primary definitive therapy. Among the five 
most frequently encountered malignant tumor types, 
five-year survivals were obtained in 9 of 17 (53%) 
patients with fibrosarcoma, 8 of 9 (89%) patients 
with chondrosarcoma, 2 of 8 (25%) patients with 
solitary chest wall plasmacytoma (multiple mye- 
loma), 1 of 6 (17%) patients with Ewing’s sarcoma, 
and 2 of 4 (50%) of patients with osteogenic sarcoma. 
Although the five-year survival appears to indicate 
therapeutic success in patients with Ewing's sarcoma 
and osteogenic sarcoma, patients with chondrosar- 
coma or fibrosarcoma may have a more protracted 
course, and those with solitary plasmacytoma usu- 
ally- develop multiple myeloma. The findings 
suggest that radical surgical excision is the treatment 
of choice for chondrosarcoma; radical surgical exci- 
sion combined with chemotherapy, for fibrosarcoma 
and osteogenic sarcoma; surgical excision combined 
with radiation and chemotherapy, for Ewing’s sar- 
coma; and systemic surveillance and therapy, for 
pathologically confirmed solitary plasmacytoma. 


Relatively few series of patients with primary 
chest wall neoplasms have been reported in the 
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medical literature. The numbers of patients in 
these series have been small, since such lesions 
are rare [1]. Even smaller is the number of re- 
ported primary malignancies of the chest wall. 
With such a small study population, accurate 
survival data have been very limited. In order 
to increase the reported number of primary 
malignancies of the chest wall and to generate 
more extensive data on treatment and survival 
for each type of tumor, a retrospective analysis 
of primary chest wall neoplasms was conducted 
on patients treated at the three military medical 
centers associated with the Uniformed Services 
University of the Health Sciences in the Wash- 
ington, DC, metropolitan area. The results of 
this study were then compared with those of 
other major series of malignant chest wall 
tumors reported in the literature. The treatment 
and survival data compiled in this study were 
also compared with similar data in several re- 
ported series of tumors of the same histological . 
type. Recommendations for therapy of rela-- 
tively common chest wall malignancies can be 

made based on the data from this study as well 

as that from the literature. 


Material and Methods 

All patient records documenting primary neo- 
plasms of the chest wall were identified at 
each of three military medical centers. The fol- 
lowing record files were examined for the pe- 
riods specified: Walter Reed Army Medical 
Center Thoracic Surgery Service, 1954 to 1976, 
and Tumor Registry, 1949 to 1976; National 
Naval Medical Center Thoracic Surgery Service, 
1957 to 1976, and Tumor Registry, 1959 to 1976; 
and Malcolm Grow Air Force Medical Center 
Tumor Registry, 1951 to 1976. The first date rep- 
resents the inception of each record file. The 
year 1976 was selected as a final date so that 
complete five-year survival statistics could be 


B 
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computed for all patients. To be included in the 
study, a patient had to have at initial evaluation 
what appeared to be a true primary neoplastic 
lesion of the musculoskeletal thorax involving 
the costal cartilages, the ribs, and the associated 
musculature or the sternum, or both. Patients 
with tumors metastatic to chest wall structures, 
as well as those with malignancies of overlying 
tissues (skin, subcutaneous fat, breast, etc.) 
that-had invaded the chest wall, were excluded. 
Histological identification of each tumor was 
obtained from the pathology report rendered by 
the institution treating the patient. Virtually all 
of the final histological diagnoses were con- 
firmed by the Armed Forces Institute of Pathol- 
ogy. All details concerning the extent of surgi- 
cal resection were carefully documented. If 
chemotherapy or radiotherapy had been used 
alone or in combination with surgical resection, 
the treatment regimen employed with each 
modality was recorded. Subsequent survival 
information was compiled from the records of 
all institutions noted and from the military per- 
sonnel locator services of all U.S. uniformed 
services and the U.S. Veterans Administration. 
Through the use of these services, camprehen- 
sive data were collected concerning the physical 
status of each patient until death or until 
March, 1981. In the cases where patients died, 
final anatomical diagnoses were obtained to 
complete the records and determine each pa- 
tient’s final status. 


Results 
A total series of 110 patients with primary chest 
wall. neoplasms was compiled. 

Fifty-one patients (46.4%) had primary be- 
nign neoplasms (Table 1). Patients with chon- 
dromatous tumor represented the largest sin- 
gle category, followed by those with fibrous 
dysplasia, osteogenic tumor, lipoma, giant cell 
tumor, and individually distinct tumors clas- 
sified as miscellaneous. The majority of these 
neoplasms were treated by simple surgical 
excision of the mass (70%). Twenty percent of 
the patients with benign neoplasms were 
treated by en bloc resection of the mass and the 
surrounding structures. The remainder of the 
patients had biopsies, observation, or both. 
There were no deaths associated with primary 


Table 1. Histological Classification of Benign Chest 
Wall Neoplasms l 


No. of Percent 
Type of Tumor Patients of Total 
Chondromatous 19 37.3 
Fibrous dysplasia 8 15.7 
Osteogenic 7 13.7 
Lipoma 3 5.9 
Giant cell 2 3.9 
Miscellaneous 12 23.5 
Esoinophilic 1 
granuloma 
Osteomyelitis 1 
Mesenchymoma 1 
Fibroxanthoma 1 
Bone cyst 1 
Hemangioendothelioma 1 
Benign 1 
hemangiopericytoma 
Granuloma 1 
(noncaseating) 
Lymphangioma 1 
Benign mass 2 
(not histologically 
classified) 
Tuberculoma 1 
Total 51 100 





therapy. No important complications attrib- 
utable to operation on the chest wall were 
documented. A search of all available records. . 
did not identify any recurrences or subsequent 
malignant transformation in any of the patients 
with neoplasms originally reported as benign. 

Fifty-nine’ patients (53.6%) had primary 
malignant chest wall neoplasms (Table 2). Pa- 
tients with fibrosarcoma represented the larg- 
est single category of malignancies, followed by 
those patients with chondrosarcoma, multiple 
myeloma (solitary chest wall plasmacytoma), 
Ewing’s sarcoma, and osteogenic sarcoma 
(Table 3). The age and sex distributions of the 
five major histological categories are presented 
in Table 4. In the remaining 20.3% of patients 
with malignant tumor, a variety of other his- 
tological types were documented. The malig- 
nant tumors are broken down by apparent site 
of origin in Table 5. Determination of site of 
origin was based on the findings at the time 
of operation, from the pathologist’s review of 
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Table 2. Histological Classification of Primary 
Malignant Chest Wall Neoplasms 


No. of Percent 
Type of Tumor Patients of Total 
Fibrosarcoma 19 32.2 
Chondrosarcoma 10 16.9 
Multiple myeloma 8 13.6 
Ewing's sarcoma 6 10.2 
Osteogenic sarcoma 4 6.8 
Miscellaneous 12 20.3 
Hemangioendothe- 3 
lioma, malignant 
Rhabdomyosarcoma 3 
Liposarcoma 3 
Reticulum cell 1 
sarcoma 
Undifferentiated 1 
_ sarcoma 
Anaplastic carcinoma 1 
Total 59 100 


each surgical specimen, or both. Neoplasms 
originating in ribs accounted for 49.2% (29/59) 
of malignancies in this series. Among specific 
tumor types included in the study, the ribs 
were the most common source for osteogenic 
sarcoma, multiple myeloma, Ewing’s sarcoma, 
and chondrosarcoma. As in the patients with 
benign neoplasms, there were no deaths asso- 
ciated with primary therapy, and there were no 
major complications specifically subsequent to 
major chest wall reconstructions. 

Survival graphs for patients (N = 47) with the 
five most common types of primary malignant 


chest wall neoplasms are presented in the Fig- 
ure. Five-year survival data were obtained for 
96% of these patients. Two patients with fibro- 
sarcoma were lost to follow-up. All but 1 of 
the remaining 45 patients had definitive therapy 


` for their tumors. These 44 patients form the 


basis of the survival graphs. Chondrosarcoma 
had the highest 5-year survival, followed by 
fibrosarcoma, osteogenic sarcoma, multiple 
myeloma and, finally, Ewing’s sarcoma. Two of 
the patients with chondrosarcoma who had 
survived more than 5 years after treatment died 
of metastatic chondrosarcoma at 6 and 12 years 
respectively. Six survivors remained alive 6, 8, 
9, 10, 12, and 18 years after completion of 
therapy. Of 9 patients alive 5 years after defin- 
itive therapy for chest wall fibrosarcoma, three 
subsequently died of metastatic fibrosarcoma at 
12, 12, and 14 years, respectively. Two patients 
in this series are alive 8 and 12 years after defin- 
itive therapy for osteogenic sarcoma. Two pa- 
tients with multiple myeloma survived 5 years 
after diagnosis and therapy. One patient died 
of the disease at 6 years; the other is alive with 
his disease under control at 15 years. Another 
patient is alive without evidence of recurrence 
10 years after resection of a Ewing’s sarcoma. In 
these five groups, disseminated malignancy 
was the cause of death in all patients who died 
within 5 years of initial therapy. In all these pa- 
tients, extensive involvement in the lungs was 
present in the terminal phase. There were no 
deaths due to any other causes in any of the pa- 
tients with malignancies (see Table 3). 

The treatment protocols for each type of pri- 


Table 3. Status of Patients in the Five Major Histological Groups of Primary Malignant Chest Wall 


Neoplasms (March, 1981) 








No. of Tumor Deaths? No. of 
No. of 5-Year een Long-term Longest Known 
Type of Tumor Patients Survivors® Early* Late’ Survivors Survival (yr) 
Fibrosarcoma 17 9(53 412) 8 3 6 27 
Chondrosarcoma 9 8(89 +10) 1 2 6 18 
Multiple myeloma 8 2 (25415) 6 1 1 15 
Ewing’s sarcoma 6 1Q7+£15) 5 0 1 10 
Osteogenic sarcoma & 2 (50 + 25) 2 0 2 12 





aNumbers in parentheses represent-percentage of total + standard error of the mean. 
>There were no other causes of:death in this group of patients. 


"Occurring within 5 years of definitive therapy. 
“Occurring more than 5 years after definitive therapy. 
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Table 4. Age and Sex Distributions of Patients in the Five Most Common Histological Categories of 


Malignant Primary Chest Wall Neoplasins 








Histological No. of Mean Age Median Age Age Range Male: Female 
Category Patients (yr) (yr) (yr) Ratio 
Fibrosarcoma 19 28.2 27 17-46 14:5 
Chondrosarcoma 10 42.7 39 21-84 7:3 
Plasmacytoma 8 59.9 61 36-71 7:1 

(multiple myeloma) 
Ewing’s sarcoma 6 18.5 19 9-23 5:1 
Osteogenic sarcoma 4 22.0 22 18-25 4:0 
Table 5. Apparent Tissue of Origin of Primary Malignant Chest Wall Neoplasms? 

Fibro- Chondro- Multiple Ewing's Osteogenic Miscellaneous 

Location sarcoma sarcoma Myeloma Sarcoma Sarcoma Neoplasms Total 
Rib 8 4 7 3 4 3 29 
Clavicle and 2 1 = 1 0 1 6 

associated 

chest wall 

tissues 
Sternum and 0 2 0 0 0 0 2 

costal 

cartilages 
Chest wall 9 3 Q 2 0 8 22 

soft 

tissues 

Total 19 10 E 6 4 12 59 


aDetermined at operation or by pathological review of surgical specimen, or both. 


mary malignant chest wall neoplasm are pre- 
sented in Table 6. Two groups of patients are 
delineated with respect to the ultimate outcome 
(survival or death) of their malignant disease. 
Since the number of patients in each treatment 
protocol was so small, a reasonable statistical 
analysis could not be conducted. These data 
are presented to show that a wide range of 
therapies was used in treating these patients. 


Comment 

The generally accepted rate of malignancy in 
primary chest wall neoplasms appears to be ap- 
proximately 50%. In three other series, malig- 
nancy rates for primary chest wall neoplasms 
ranged from 42.9% to 52.5% [2-4]. The rate of 
54% quoted in this study is a bit high, since 
only the records of patients with chest wall 
malignancies (N = 8) could be obtained from 
the tumor registry at Malcolm Grow Air Force 
Medical Center. Accurate means for retrieving 


data on all of the patients with benign neo- 
plasms were not available. A more accurate 
malignancy rate may be obtained, therefore, by 
comparing the figures for Walter Reed Army 
Medical Center and the National Naval Medical 
Center since the records of patients with both 
benign and malignant primary chest wall 
neoplasms were on file and could be retrieved. 
A review of the charts of these 102 patients 
shows a malignancy rate of exactly 50% (51/ 
102). 

The question of development of malignancy 


` in neoplasms originally classified as benign can- 


not be answered from the data given. As far 
as we were able to determine, none of the pa- 
tients who had benign diagnoses confirmed at 
the Armed Forces Institute of Pathology sub- 
sequently developed malignancies. Four pa- 
tients (2 with chondrosarcoma and 2 with 
fibrosarcoma) who were referred to our institu- 
tions for definitive therapy of malignancies had 
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(N = 8) 
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YEARS AFTER DIAGNOSIS AND THERAFY 


Survival in patients with malignant necplasms of the 
chest wall. The total number of patients used to gener- 
ate this graph is 44 rather than 47, because 2 patients 
with fibrosarcoma were lost to follow-up, and an 84- 
year-old man with massive chondrosarcoma of the chest 
wall was not considered a candidate for resection. 


had previous biopsies, or resections of neo- 
plasms that were characterized by the pa- 
thologists at the primary treatment facilities as 
histologically benign, or both. In each case, a 
review of the clinical information and the origi- 
nal pathology slides on which the benign diag- 
nosis had been based was conducted by a team 
. of pathologists who were unaware of the pa- 
tient’s subsequent course. In all 4 patients, the 
diagnosis returned by this team of pathologists, 
who had a primary interest in musculoskele- 
tal malignancies, was sarcoma. This situation 
points out several important aspects of the 
proper evaluation and treatment of any chest 
wall neoplasm. The surgeon should provide the 
pathologist with the entirety of any neoplasm 
so that the total mass may be evaluated his- 
tologically. The variance of histological appear- 
ance within a given neoplasm is well known, 
and the difficulty of establishing a correct diag- 
nosis, even with permanent sections, is obvi- 
ous. Therefore, the accuracy of any evaluation 


conducted on a frozen section is certainly ques- 
tionable. Whether or not an incorrect initial 
diagnosis has a detrimental effect on any given 
patient cannot be determined with certainty on 
the data for 4 patients, because the number is so 
small. The final results, however, do suggest a 
detrimental effect, since 3 of the 4 died of dis- 
seminated sarcoma. 

Therapy of chest wall neoplasms should be 
initiated only after a firm histological diagnosis 
has been made. Appropriate histological char- 
acterization cannot be determined from examin- 
ing frozen sections; therefore, the diagnosis 
must be established from permanent sec- 
tions. Although incisional biopsy may provide 
an accurate diagnosis, we recommend exam- 
ination of the entire neoplasm, as the histologi- 
cal character of the cells within a given tumor 
may vary in different areas. Simple excision of 
the mass may be all that is necessary if the 
signs, symptoms, and roentgenographic ap- 
pearance of the lesion suggest that it is benign. 
If, however, these variables suggest that the 
neoplasm may be malignant, the lesion should 
be treated by radical resection, since at least 
50% of primary chest wall neoplasms are malig- 
nant. Our data suggest that this approach is 
justified; the rate of morbidity and mortality in 
our entire series was low, and none of the 
patients originally seen with malignancies at 
our institutions required radical resections 
subsequent to a less rigorous diagnostic pro- 
cedure. 

Pooling the data from our study with that 
generated from three previously published se- 
ries allows us to generate an estimate of the rel- 
ative frequency of the different chest wall 
malignancies as shown in Table 7 [3-5]. Of the 
150 malignancies reported, the most frequently 
occurring lesion was fibrosarcoma (35/150). The 
next most common lesion was chondrosarcoma 
(30/150). Solitary plasmacytoma (multiple mye- 
loma) was the third most common (22/150). 
Both Ewing’s sarcoma (11/150) and osteogenic 
sarcoma (9/150) were relatively uncommon. 
Approximately 29% of the malignancies were 
in various miscellaneous categories (43/150). 

The age and sex distributions in the data 
generated by the military institutions reflect the 
relative youth of the population studied and the 
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Table 6. Relationship between Initial Treatment of Primary Malignant Chest Wall Neoplasms and 
Survival (N = 43)? 









































Treatment 
Surg. + 
Surg. + Surg. + Chem. + Chem. + 
Type of Tumor Surg. Rad. ‘Chem. Rad. Rad. Rad. 
PATIENTS SURVIVING FREE OF DISEASE 
Chondrosarcoma (N = 9) 6 ee Os aed svi 
Fibrosarcoma (N = 16) 3 ilies 2 1 : 
Osteogenic 1 ee ERN pe se 1 
sarcoma (N = 4) 
Multiple Sean Locsin ji 
myeloma (N = 8) 
Ewing's kiga nee oda taal tet 1 
sarcoma (N = 6) 
PATIENTS WHO DIED OF DISEASE 
Chondrosarcoma (N = 9) 3 int 
Fibrosarcoma (N = 16) 8 2 
Osteogenic 2 
sarcoma (N = 4) 
Multiple 2 ree ee 2 ae 3 
myeloma (N = 8) f 
Ewing's uen 1° ee 2 2° 


sarcoma (N = 6) 


aA portion of the treatment record for 1 patient with fibrosarcoma was lost, so the patient was excluded from this table. 
*This patient still has multiple myeloma, but his disease appears to be under control. 
‘In these patients, biopsy was performed and tumor type was confirmed histologically, but the tumor was not resected. 


Surg. = surgery; Rad. = radiation; Chem. = chemotherapy. 


Table 7. Summary of Types of Primary Chest Wall Neoplasms Reported in the Literature 











Type of Tumor 
Osteo- 
Chondro- Fibra- genic Multiple Ewing's 
Author sarcoma sarcoma Sarcoma Myeloma Sarcoma Other Total 
Graeber et al 10 19 4 8 6 12 59 
(this report), 
1982 
Teitelbaum et al 10 0 3 10 2 7 32 
[3], 1972 
Threlkel et al 3 7 2 3 2 6 23 
[4], 1971 i 
Watkins et al 7 9 0 1 1 18 36 
[5], 1960 


Total 30 35 9 22 11 43 150 
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predominance of male patients (see Table 4). The 
data include all patients who were dependents 
of both active duty and retired personnel. Even 
with the retired population included, the data 
show a bias, caused by the large active duty 
population, toward a younger patient group. 
‘Certain tendencies, however, still emerge. 
Ewing’s sarcoma remains a disease of the 
‘young, while multiple myeloma (solitary chest 
wall plasmacytoma) is generally a disease of 
the elderly. Chondrosarcoma and fibrosarcoma 
may arise at any time during adult life. Os- 
teogenic sarcoma has a tendency to appear in 
younger adults. 

The data suggest that the 5-year survival rate 
may be an accurate indicator of success of 
therapy in only two of the five major histologi- 
cal groups.of primary chest wall malignancies: 
Ewing’s sarcoma and osteogenic sarcoma (see 
Figure, Table 3). No recurrences were observed 
in any of these patients (Ewing’s sarcoma, 1 
patient; osteogenic sarcoma, 2 patients) more 
than 3 years after definitive therapy.. These 3 
patients, who were the only ones to survive 5 
years without- recurrence, constitute a very 
small sample. In two other studies, no patients 
with Ewing’s sarcoma survived 5 years [4, 5]. 
Only 1 patient with an osteogenic sarcoma sur- 
vived for 5 years after therapy [4]. The patients 
reported in this study suggest that recurrence of 
either of these two types of sarcoma is unlikely 
after 5 years (see Table 3). 

Five-year ‘survival statistics have limited 
value for assessing therapy in three other types 
of malignancies of the chest wall: solitary plas- 
macytoma (multiple myeloma), chondrosarco- 
ma, and fibrosarcoma. Solitary plasmacytoma 
of the chest wall is the first manifestation of 
systemic myeloma in almost all patients. Six of 
our 8 patients who were seen with solitary chest 
wall plasmacytomas developed the’ systemic 

“disease and died within 5 years of initial 
therapy. In the other 2 patients, systemic 
. myeloma also developed subsequently. One 
patient died 6 years after initial diagnosis; the 
other patient is alive 15 years after diagnosis, 
but his systemic myeloma has been kept under 
control by chemotherapy for 6 years. Other se- 
ries suggest a bleak prognosis for individuals 


who are seen with a solitary chest wall plas- 
macytoma [4, 5]. 

Patients with chondrosarcoma and fibrosar- 
coma may have protracted courses and die of 
their disease at least 5 years after initial diag- 
nosis and therapy (see Table 3). Similar experi- 


‘ence with the protracted course of chondrosar- 


coma has been noted [6]. For fibrosarcoma, the 
53% survival rate at 5 years after definitive 
therapy does not reflect accurately the final dis- 
position of these 9 patients with respect to their 
disease; 3 died subsequently of recurrent dis- 
ease. Similarly, 2 of the 8 patients who had sur- 
vived more than 5 years after original diagnosis 
and therapy for chondrosarcoma died of sub- 
sequent recurrences. All5 patients were victims 
of relatively indolent but progressive, relentless 
sarcoma that proved to be refractory to all types 
of therapy. 

Survival rates have been reported in series 
that looked at the various histological tumor 
types as they occurred throughout the entire 
body. Comparison of 5-year survival rates for 
each histological.type of tumor is instructive in 
assessing the relative prognosis. The 5-year 
survival for fibrosarcoma has been reported to 
be as high as 70% [7]. Our 5-year survival.rate 
of 58.9% probably reflects the increased mor- 
tality associated with more central lesions. 
Studies of chondrosarcoma have shown 5-year 
survival rates of 76.4% versus our rate of 88.9% 
[8]. The reported 5-year survival rate for osteo- 
genic sarcoma is 20% [9]. The rate in our series 
is 50%, but the number of patients studied is 
small (N = 4). The 5-year survival rate of 16.6% 
for Ewing’s sarcoma in our series is comparable 
to the grave prognosis presented in other 
studies [10]. The study of Costa and co-workers 
[11] reports patients with multiple myeloma 
who have had a mean survival of. fifty-three 
months. l 

The experience gained from the present study 
and from other published reports allows us 
to make certain recommendations concerning 
therapy for each of the five most common vari- 
eties of chest wall malignancy. Since continual 
progress is being made with antineoplastic 
drugs, the most recently reported advances- 


‘should be considered in consultation with an 
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oncologist, a radiotherapist, and a pathologist 
before selecting a regimen for treating any type 
of chest wall malignancy in a given patient: - 


Fibrosarcoma. Currently, the medical literature 
favors a balanced approach that combines 
surgery and chemotherapy in treating this 
neoplasm {12, 13]. En bloc surgical resection 
leaving tumor-free margins is the mainstay of 
treatment, followed by new chemotrerapeu- 
tic regimens that have been used effectively 

. to treat soft tissue sarcoma [12]. One prom- 
ising regimen employs chemotherapy, com- 
bining Adriamycin, (doxorubicin hydro- 
chloride) and dimethyltriazenoimidazole 
‘carboxamide [13]. The neoplasm usually 
metastasizes to the lungs. [13]. Irradiation 
used by itself has been shown to be ineffec- 
tive in treating the neoplasm [12, 13]. i 

Chondrosarcoma. Surgical treatment of :he mass 
is the key goal cf therapy [6]. The tumor 
should be excised by en bloc resection, if 
possible. Metastases occur to the lungs and 
have been treated in the past with radioac- 
tive sulfate (75S) [14]. A number of leakemoid 
reactions following this therapy have dictated 
that radioactive sulfate not be utilized except 
to control the disease in a patient with ad- 
vanced metastases [14]. Currently, there is no 
universally accepted chemotherapettic regi- 
men to treat chondrosarcoma; however, clini- 
cal trials are under way to evaluate the role of 
chemotherapy in managing the disease [14]. 

Multiple myeloma. This disease is a neoplasm of 
plasma cells characterized by a proliferation 
of malignant cells within bone marrow, lytic 

` lesions of the skull, and secretion cf mono- 
clonal IgG or IgA immunoglobulin [15]. Pa- 
tients are often seen with a variety of symp- 
toms, and the diagnosis is frequently made 
secondary to pursuing a differential diag- 
nosis. In our series, there were 8 patients 
with multiple myeloma whose. initial com- 
plaint was related to painful ribs cr to the 
discovery of a rib lesion on a routine chest 
roentgenogram. Further evaluation led to the 
definitive diagnosis in patients with various 
stages of the tumor. The only role of surgery 
in the disease is to establish the diagnosis by 


biopsy. The main treatment consists of the 
alkylating agent melphalan used intermit- 
tently with prednisone [16]. Irradiation ther- 
apy is reserved for symptomatic pain relief 
except in rare cases of ‘solitary plasmacy- 
toma, where it has been used as the primary . 
mode of treatment [17]. 

Ewing's sarcoma. Only 1 patient in our series 
has survived over five years. He was treated 
by en bloc rib: resection, irradiation of the 
primary site, and chemotherapy employing 
methotrexate and dactinomycin. The main- 
stay of treatment is prevention of micro- 
metastases [18]. En bloc resection is cur- 
rently recommended for lesions in the rib or 
clavicle where minimal functional deficit will 
result [18]. Since the sarcoma is very respon- 
sive to irradiation, a thorough course of radi- 
ation therapy should be directed to the pri- 
mary site [18]. Chemotherapy is also a vital 
part of any treatment regimen, with the most. 
effective combination appearing to be vin- 
cristine sulfate, dactinomycin, cyclophospha- 
mide, and Adriamycin [19]. 

Osteogenic sarcoma. En bloc resection is the 
primary mode of therapy for this disease, 
but preoperative and postoperative chemo- 
therapy employing Adriamycin and high- 
dose methotrexate and cyclophosphamide 
may possibly be effective [9]. Radiation 
therapy is rarely used to treat osteogenic 
sarcoma [9]. This neoplasm metastasizes 
primarily to the lungs. Lung metastases 
can be treated by limited resection, radia- 
tion therapy, or both. 


The present study and our review of the liter- 
ature indicate that accurate diagnosis is the first 
step in successful management of any primary 
chest wall tumor, since types of treatment vary 
for each malignancy. Consultation with pathol- 
ogists well versed in musculoskeletal tumors 
is essential in establishing an accurate diagno- 
sis. In patients with solitary plasmacytoma, 
surgery should be limited to establishing 
the diagnosis. In patients with chondrosarco- 
ma, osteogenic sarcoma, and fibrosarcoma, en 


_bloc surgical resection remains the primary 


mode of therapy. Patients seen with Ewing’s 
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sarcoma may benefit from surgical therapy, 
but radiation therapy has proven to be the 
most efficacious mode of treatment. Chemo- 
therapy has also proven beneficial. Perpetual 
surveillance of all patients with solitary chest 
wall plasmacytoma, fibrosarcoma, and chondro- 
sarcoma is indicated to detect systemic disease. 
Late local recurrences in chondrosarcoma 
and fibrosarcoma further underscore the need 
for long-term observation of patients suffering 
from these tumors. 


The authors would like to express their appreciation, 
to SP5 Robert E. Wolf and SP5 Michael A. Hamilton 


for obtaining the references, and to Ms. Cheryl A. 


Currie for preparation of the manuscript. 
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Discussion 

DR. EDWARD J: BEATTIE (New York, NY): I enjoyed the 
presentation of Dr. Graeber and his colleagues, and 
generally agree with their observations. The‘ malig- 
nant tumors they encountered most frequently were 
chondrosarcoma and fibrosarcoma, and their excel- 
lent five-year survivals in these parente are quite 
remarkable. 

Among 60 patients, with primary chest wall sar- 
coma whom my associates and I discussed in the 
paper we ‘presented at the Seventeenth Annual 
Meeting. of The Society of Thoracic Surgeons in 1981, 
17 had osteosarcoma, 13 had cltondrosarcoma, 10 had 
fibrosarcoma, and 9, malignant Schwannoma. Un- 
fortunately, our five-year survival rate for patients 
with these primary sarcomas was only about 17%, 
but I hasten to add that many of the tumors were 
recurrent when they were first seen by us. | 

I would like to reemphasize certain points Dr. 
Graeber made. First, since at least 50% of all chest 
wall tumors are malignant, they ‘must be treated 
properly the first time. Prompt, complete excision is, 
usually required. 

Second, an accurate diagnosis must be obtained. 
Small tumors can be completely excised, but large 
tumors, especially those that are formidable, require 
diagnosis before resection. The needle biopsy is very 
frequently unsatisfactory, and we have found that 
the results are often incorrect. A separate open biop- 
sy should be done later in these difficult situations. 

Third, the treatment of these diseases is changing. 
As Dr. Graeber and his associates noted, a multi- 
disciplinary approach was used to treat the only 
survivor of Ewing’s sarcoma in their series. Pa- 
tients with osteosarcoma, multiple myeloma, ‘and 
Ewing’s sarcoma do much better with prepper 


‘ative chemotherapy. 
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Fourth, the patient must be followed carefully for 
life, although the first five years are the most critical, 
as Graeber and co-workers have shown. Lung 
metastases or local recurrences should be resected 
again, if possible, and an aggressive approach 
should be continued. 

Finally, resection of the ribs, the sternum, or the 
clavicles is reasonably straightforward. When the 
spine becomes involved, however, the trectment be- 
comes quite complicated. 


DR. CHARLES E. MCCORKLE (Tempe, AZ): Would the 
authors describe what percentage of the tumors in 
their series involved the sternum, and what percent- 
age of this group were malignant? 


DR. GRAEBER: I would like to thank the discussants for 
their comments. I particularly appreciate Dr. Beat- 


tie’s comments, since he has contributed so much to.- 


this area. Our patien: population is quite different 
from Dr. Beattie’s, in that our patients are young and 
healthy. Only 4 of our patients had recurrent tumors. 
These 4 patients (2 patients with chondrogareoma 
and 2 with fibrosarcoma) had been treated for sup- 
posed benign neoplasms at other institutions. The 
malignant nature of the neoplasms became apparent 
when the tumors recurred. ‘The patients were ‘then 


- referred to us for: radical resection and appropriate 


therapy. Despite extensive treatment, 3 of the 4 died 
of their malignancies. The survival rate of 25% in this 


+, 


small group of patients is comparable to Dr. Beattie’s 
experience. Therefore, we agree with Dr. Beattie that 
the first attempt at. therapy should be appropriate 
and aggressive, because this represents the peace s 


-best chance for cure. 


The pathology slides on which the original diag- 
nosis of benign disease had been based in these 4 
patients were given to a panel of pathologists who 
specialize in: musculoskeletal disease. These pathol- 
ogists had access only to the clinical and laboratory 
information available at the time the diagnosis of 
beriign disease was made. They had no access to 
any information concerning the subsequent course of 
any of the 4 patients. In all 4 cases, the panel of ex- 


-perts returned the diagnosis of low-grade sarcoma. 
_ These facts clearly demonstrate that the final his- 


tological diagnosis of any chest wall neoplasm must 
be determined by a pathologist who is well versed in 
the area and who has reviewed the permanent sec- 
tions thoroughly. ' 

I wish to thank Dr. McCorkle for his question. 
Only 2-of the patients in this- series had sternal 
neoplasms, both of which were chondrosarcoma. 


‘Since 1976, to the best of my knowledge there have 


been only three additional’ patients with sternal . 
tumors treated at Walter Reed: two tumors were 
malignant, and one was benign. Thus, only one of 
five sternal tumors has been benign. Interestingly, 
the last malignant tumoty$ treated was a solitary 


-plasmacytoma of the manubrium. 


ty 


Clinical Comparison of Hetastarch 
and Albumin in Postoperative Cardiac Patients 
James T. Diehl, M.D., J. Lancelot Lester, HI, M.D., 


and Delos M. Cosgrove, M.D. 


ABSTRACT Hetastarch, 6% hydroxyethy! starch 
solution, is an artificial colloid proposed for use as a 
volume expander. There is concern that hetastarch, 
like dextran, may adversely affect coagulation. To 
compare the effects of hetastarch with 5% albumin 
in postoperative patients, 60 consecutive patients 
who underwent coronary artery bypass were pro- 
spectively randomized into two study groups. Both 
groups were comparable in all respects preopera- 
tively. Group 1 (27 patients) received a mean of 1,241 
ml of 5% albumin and Group 2 (33 patients) a mean of 
1,210 mi of hetastarch as volume replacement within 
the first 24 postoperative hours. 

Indices of postoperative hepatic, renal, and pul- 
monary function did not differ significantly between 
the groups immediately postoperatively, at 24 hours 
postoperatively, or at 7 days postoperatively. 
Hematocrits, platelet counts, prothrombin times, 
partial thromboplastin times, and serum fibrinogen 
levels were comparable between the two groups at 
all times. The mean volume of chest tube drainage 
did not differ between the groups (Group 1, 495 + 
216 ml; Group 2, 637 + 402 ml; not significant), and 
no patient required reexploration for bleeding. 
Eighteen percent of Group 1 and 15% of Group 2 pa- 
tients received banked blood during their hospitali- 
zation anid required similar amounts (Group 1, 0.37 
unit per patient; Group 2, 0.36 unit per patient; not 
significant). 

The use of hetastarch as a postoperative volume 
expander after myocardial revascularization is safe 
and effective, and results in substantial financial 
savings. 
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Hetastarch, 6% hydroxyethyl starch solution, is 
an artificial colloidal mixture proposed for use 
as an asanguineous volume expander. Animal 
studies [1~3] as well as controlled clinical trials 
[4-7] have convincingly demonstrated that 
hetastarch is an effective intravascular volume 
expander with hemodynamic effects similar to 
those of albumin. There is concern, however, 
that hetastarch, like other artificial colloids such 
as the dextrans, may adversely affect coagula- 
tion [6, 8-12]. This consideration is particularly 
pertinent in patients undergoing hepariniza- 
tion and extracorporeal circulation for cardiac 
procedures. The routine use of this synthetic 
colloid in place of albumin is attractive because 
it costs approximately half as much as the same 
volume of albumin. 

This study compares the effects of albumin 
and hetastarch on coagulation, fluid balance, 
and renal, hepatic, and pulmonary function ina 
randomized prospective fashion in patients 
who underwent myocardial revascularization. 


Materials and Methods 

Sixty consecutive patients undergoing elective 
coronary bypass were preoperatively randomly 
divided into two study groups according to 
hospital identification number. Group 1 con- 
sisted of 27 patients who received 6% hy- 
droxyethyl starch and Group 2 consisted of 33 
patients who received 5% albumin for volume 
expansion during the first 24 postoperative 
hours. Both groups were comparable with re- 
spect to age, sex, weight, number of grafts, and 
duration of cardiopulmonary bypass (Table 1). 
Preoperative hematocrit, coagulation indices, 
and hepatic and pulmonary function were 
comparable and within normal limits. Intra- 
operatively, only crystalloid, blcod recovered 
by autotransfusion [13], or banked blood was 
used for fluid replacement. Neither hetastarch 
nor albumin was used intraoperatively or in the 
pump prime. 
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_ Table 1. Patient Data 


Variable Group 1—Albumin (N = 27) Group 2—Hetastarch (N = 33) 








POD = postoperative day; HES = hydroxyethyl starch. 


On admission to the postoperative intensive 
care unit, baseline coagulation data including 
prothrombin time, partial thromboplastin time, 
and platelet count were obtained. Baseline 
liver function, blood urea nitrogen, serum 
creatinine, total protein, serum albumin, and 
weight were also measured. Arterial blood 
gases were obtained on an inspired oxygen 
concentration of 100%. These values were used 
to derive alveolar-arterial oxygen gradients. 

Patients in Group 1 received a mean of 1,241 
+ 481 ml of 5% albumin (16 ml/kg) and patients 
in Group 2 a mean of 1,210 + 273 ml of 6% hy- 
droxyethy] starch (16 ml/kg) for the first 24 post- 
operative hours. The mean quantities of crys- 
talloid (Group 1, 3,368 + 892 ml; Grcup 2, 3,206 
+ 960 ml; not significant) and banked blood 
(Group 1, 0 ml; Group 2, 45 ml; not significant) 
received per patient were similar in each group. 
The adequacy of postoperative fluid replace- 
ment was assessed using standard indicators, 
including central venous pressure. left atrial 
pressure, cardiac output, and urine output. On 
the first postoperative day (POD 1), all mea- - 
surements were repeated and a serum fibrino- 


Age (yr) 56.6 = 8.1 58.0 + 8.0 
- Men (%) vE 88 
No. of grafts per patient 3.0 = 11 32 + 1.8 
Weight (kg) 78.2 = 11.0 81.4 + 12.5 
Body surface area (m°) 1.9= 0.2 19+ 0.2 
Duration of cardiopulmonary 88.2 + 29.1 84.3 + 29.7 
bypass (min) 
Table 2. Postoperative Hematological Data 
Group 1 (Albumin) Group 2 (HES) 
Variable POD 1 POD 7 POD 1 POD 7 
Fibrinogen (mg/dl) 243.6+58.9 52394826 - 261.5 + 69.9 480.2 + 82.2 
Prothrombin time (sec beyond 10+ 0.6 0 + 0.1 21+ 0.2 0 + 01 
control) 
Partial thromboplastin time (sec) 27.6 + 3.7 24.0 + 1.7 28.34 3.1 25.6 + 2.2 
Platelet count (1 x 10°) 155.2 + 44.6 344.0 + 84.3 138:2 + 38.9 344.3 + 74.0 


gen level was obtained as well as a g- 
microglobulin assay as a measure of renal 
tubular function. A detailed record of fluid in- 
take, output, patient weight, and.chest tube 
drainage was kept for this period. Determina- 
tions of coagulation and of hepatic and renal 
function were also repeated on postoperative 
day 7 (POD 7). 

All data obtained were statistically analyzed 
by the paired t test, and a p value of less than 
0.05 was considered significant. 


Results 
The operative courses of patients in both 
groups were comparable. There were no deaths 
in either group. Both the length of stay in the 
intensive care unit (Group 1, 28.4 + 8.4 hours; 
Group 2, 29.3 + 9.5 hours; not significant) and 
the duration of postoperative hospitalization 
(Group 1, 8.2 + 1.3 days; Group 2, 7.2 + 2.8 
days; not significant) were similar in each 
group. 

Coagulation data are summarized in Table 2. 
Platelet counts and partial thromboplastin 
times measured immediately postoperatively 
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Fig 1. Hematocrits measured preoperatively, im- 
mediately postoperatively, on postoperative day (POD) 
1, and on POD 7 were not significantly different. 


were comparable in both groups and did not 
vary outside normal ranges. Prothrombin times 
were also comparable but were slightly pro- 
longed. These values and serum fibrinogen 
levels measured after infusion of either albumin 
or hetastarch on POD 1 did not vary appreci- 
ably between groups and were within normal 
range. Coagulation determinations repeated on 


POD 7 were similar in both groups. Prothrom- - 


bin times and partial thromboplastin times 
were normal on POD 7, but a significant 
thrombocytosis and elevated serum fibrinogen 
levels were documented in both groups. 
Hematocrits measured preoperatively, im- 
mediately postoperatively, on POD 1, and on 
POD 7 were comparable in both groups (Fig 1). 
Eighteen percent of Group 1 and 15% of Group 
2 patients received banked blood during their 
hospitalization and required similar amounts 


Table 3. Postoperative Hepatic Function 


Group 1 (Albumin) 


(Group 1, 0.37 unit per patient; Group 2, 0.36 

unit per patient; not significant). No patient in 

either group required: reexploration for 

mediastinal bleeding. The mean volumes of 

chest tube drainage were comparable (Group 1, _ 
494 + 215 ml; Group 2, 637 + 402 ml; not sig- 

nificant). No abnormal bleeding was noted 

from incisions or intravenous sites in any pa- 

tient in the study. E ; 

Hepatic function was assessed by routine 
liver function tests, including total bilirubin, 
serum glutamic-oxaloacetic transaminase, lactic 
dehydrogenase, and alkaline phosphatase as- 
says. All values were within normal range in 
both groups at baseline postoperatively and on 
POD 1 and POD 7 (Table 3). 

Two patients in Group 2 and none in Group 1 
had serum creatinine levels greater than 1.5 
mg/dl. No patient in either group was found to 
have a blood urea nitrogén above 25 mg/dl or a 
serum creatinine above 2.0 mg/dl. The f- 
microglobulin assays obtained on POD 1 and 
POD 7 were found to be within normal range 
for both groups. Measurements of renal func- 
tion did not differ significantly between the 
two groups (Table 4). 

Fluid balance for the first 24 postoperative 
hours is detailed in Figure 2. Total fluid balance 
was comparable for both groups (Group 1, 4,646 
+ 979 ml in, 5,071 + 1,312 ml out; Group 2, 
4,443 + 949 ml in, 4,692 + 1,527 ml out; not sig- 
nificant). Patients in both groups gained simi- 
lar amounts of weight over this period (Group 
1, 2.6 + 2.0 kg per patient; Group 2, 3.6 + 2.6 kg 
per patient; not significant), and preoperative 
weights were restored in both groups by POD 
7. 


Group 2 (HES) 








- Variable POD 1 
SGOT (U/L) 54.5 + 38.1 
LDH (U/L) 310.5 + 99.3 
Alkaline phosphatase (U/L) 46.8 + 30.7 
Total bilirubin (mg/dl) 13+ 0.5 


POD 7 POD 1 POD 7 
36.0 + 18.7 44.5 + 20.3 28.3 £ 10.7 
258.9 + 89.4 283.1 £ 83.3 230.8 + 117.3 
73.4 + 21.5 52.2 + 17.6 67.7 £ 21.8 
0.7 £ 0.2 10+ 0.8 0.64 0.3 


HES = hydroxyethyl starch; SGOT = serum glutamic-oxaloacetic transaminase; LDH = lactic dehydrogenase; POD = 


postoperative day. 


. 2000 
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Table 4. Postoperative Renal Function 





Group 1 (Albumin) 


Group 2 (HES) 








Variable POD 1 POD 7 POD 1 POD 7 

BUN (mg/dl) 14.7 + 3.9 15.4 + 2.9 15.9 + 4.8 15.5 + 5.0 
Serum creatinine (mg/dl) 11+0.1 1.1 + 0.2 1.2 + 0.3 1.2 + 0.2 
Serum 6 1.6 + 0.8 2.6 + 1.0 2.0 + 1.2 2.9 + 1.0 


2 
microglobulin (gm/ml) 


HES = hydroxyethyl starch; POD = postoperative day; BUN = blood urea nitrogen. 
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Fig 2, Fluid balance for the first 24 postoperative nours 
was similar in both groups. 


Serum protein values appear in Table 5. 
Serum total protein and albumin levels were 
significantly less in Group 2 patients following 
cardiopulmonary bypass but prior to infusion 
of hetastarch. This difference persisted on POD 
1, but on POD 7 serum protein values were 
similar in both groups and within normal 
range. This difference may be related to dilu- 
tion, Group 2 patients having received greater 
quantities of crystalloid intraoperatively (ap- 


Table 5. Serum Proteins 


proximately 700 ml per patient more than 
Group 1 patients). 

No patient in either group required respira- 
tory support beyond 24 hours postoperatively. 
Arterial blood gases on an inspired oxygen con- 
centration of 100% were obtained immediately 
postoperatively and on POD 1. These data were 
used to derive alveolar-arterial oxygen gra- 
dients, which were comparable in both groups 
(Fig 3). 


Comment 
Hetastarch is a hydroxyethyl substituted 
branched amylopectin. with structural sim- 
ilarities to glycogen. Its intravascular persis- 
tence may be altered by varying the size of 
the molecule or the degree of hydroxyethyl sub- 
stitution, and thus the rate of hydrolysis by 
amylase. The substance is supplied as 6% 
hetastarch in 0.9% normal saline with 70 to 90% 
of the polymer units substituted and an average 
molecular weight of 450,000. Hetastarch is 
stored in the reticuloendothelial system and is 
degraded by hydrolysis prior to renal excretion. 
Animal studies by Thompson and associates 
(2, 3] and several clinical trials [4-7] have estab- 
lished that hetastarch is as effective in restoring 
normal hemodynamics following blood loss as 








Postoperatively POD 1 POD 7 
Variable Group 1 Group 2 Group 1 Group 2 Group 1 Group 2 
Albumin (gm/di) 3.0 + 0.4 28 +04” 3.8 +0.2 2.7 £0.4 3.8 +0.3 3.5 £0.4 
Total protein (gm/dl) 5.0 + 0.5 4740.67 5540.5 4440.72 6220.5 6.0 + 0.7 
ay < 0.01. 
y < 0.001. 


POD = postoperative day. 
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Fig 3. Alveolar-arterial oxygen tension gradients on 
100% inspired oxygen at baseline immediately post- 
operatively and on postoperative day (POD) 1 demon- 
strated no difference in pulmonary function. 


infusions of albumin, plasma, dextran, and 
gelatin derivatives. 

Concern over the use of hetastarch in post- 
operative patients revolves around its possible 
effects on normal hemostasis. Synthetic car- 
bohydrate plasma expanders like hetastarch 
and the dextrans are thought to affect coagula- 
tion by (1) a nonspecific dilutional effect and (2) 
- an antiplatelet effect related to surface coating. 
Specific depression of fibrinogen concen- 
trations has been noted by some investigators 
[8]. Thompson [8], Karlson [10], and Cheng [11] 
and their colleagues have reported prolonged 
bleeding times in dogs subjected to hemodilu- 
tion with 6% hetastarch following controlled 
hemorrhage. These effects were most promi- 
nent when more than 10 ml/kg of hetastarch 
was transfused. Cheng and associates [11] 
noted depressed fibrinogen levels and pro- 
thrombin activity in animals that received 20 
ml/kg of hetastarch or more. In similar studies, 
Gollub and colleagues [12] noted an increased 
bleeding tendency when greater than 20% of 
the blood volume was replaced with artificial 
colloids, including hetastarch, dextran, or 
low-molecular-weight dextran. 

In clinical studies of 26 patients who received 
250 to 500 ml of hetastarch for postoperative re- 
suscitation, Gollub and colleagues [5] found no 
disturbance of the normal hemostatic mecha- 
nism. One patient who was subjected to ex- 
tracorporeal circulation for a cardiac procedure 
in Gollub’s series was reported to have a minor 


hemorrhagic diathesis. Lee and associates [6], 
in their clinical assessment of trauma patients 
who received from 500 to 1,500 ml of hetastarch 
for resuscitation, noted prolonged prothrombin 
and partial thromboplastin times in a consider- 
able number of patients without evidence of 
clinically overt hemorrhage. 

In a prospective randomized fashion, we — 
compared a group of patients undergoing elec- 
tive myocardial revascularization who received 
16 ml/kg of hetastarch postoperatively with a 
control group of similar patients who received 
16 ml/kg of 5% albumin. Prior to initiation of 
the study, the effects of hetastarch on platelet 
function were assessed in vitro. Platelet aggre- 
gation, platelet adherence, and clot retraction 
were tested and found to be normal following 
incubation of fresh whole blood and platelets 
with hetastarch. For this reason, platelet func- 
tion was not clinically evaluated. No difference 
in coagulation indices was found between the 
groups, and no tendency toward overt clinical 
hemorrhage was noted in either group. We de- 
tected no clinically important alteration in nor- 
mal hemostasis that could specifically be attri- 
buted to hetastarch. Minor depression of 
platelet counts and fibrinogen levels on the first 
postoperative day was found in both groups. 
This was probably dilutional in origin and has 
been noted in previous studies [13]. 

Hetastarch is transiently stored in reticuloen- 
dothelial cells in the liver and kidney prior to 
excretion. Because nonmetabolizable synthetic 
colloids are stored in a similar fashion and may 
produce morphological alteration in the cellular 
structure of these organs, including renal 
tubular vacuolization [2], renal and hepatic 
function were monitored during the study. 
Animal studies by Murphy and colleagues [1] 
demonstrated substantial augmentative bene- 
fits on urine output and no detrimental effect 
on renal function following infusions of heta- 
starch. No morphological changes were found in 
the kidney or liver of these animals. No altera- 
tion of hepatic or renal function was noted in 
either patient group during hospitalization in 
our study. 

No significant differences were observed 
between groups with regard to total fluid bal- 
ance, blood utilization, or pulmonary function. 
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No patient in either group was found to have 
significant fluid retention or to require pro- 
longed respiratory support. 


Hetastarch is an effective plasma expander in 


postoperative cardiac patients and is available 
at less than half the cost of albumin. No clini- 
cally detrimental effects were documented in 
our study. 
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Hetastarch as a Prime for Cardiopulmonary Bypass 


David A. Palanzo, B.S., C.P., Grant V. S. Parr, M.D., 
Anthony P. Bull, M.D., Dennis R. Williams, C.C. Py 
Martin J. O’Neill, M.D., and John A. Waldhausen, M.D. 


ABSTRACT Hetastarch, a synthetic colloid osmotic 
plasma volume expander, was employed in a prime 
for cardiopulmonary bypass in 37 patients under- 
going myocardial revascularization. Comparison of 
laboratory values to those of 42 patients undergoing 
myocardial revascularization using an albumin- 
containing prime showed lower postoperative 
platelet counts (p < 0.02) with hetastarch. There 
were no differences in chest tube drainage, blood 
use, plasma hemoglobin, fibrinogen levels, or 
coagulation times. The hetastarch prime cost $119.50 
per patient, whereas the albumin-containing prime 
cost $321.35 per patient. 


Hetastarch is a synthetic plasma volume expan- 
der of the hydroxyethyl starch type, derived 
from amylopectin. Its average molecular weight 
is about 69,000. A 6% hetastarch solution has 
colloidal properties that approximate those of 
human albumin. Hydroxyethy] starch has been 
shown to be a safe and effective plasma expan- 
der in hypovolemic postoperative patients [1] 
and has been used successfully for preoperative 
and perioperative isovolemic hemodilution [2, 
3]. 

In a prospective study, a 3% hetastarch prime 
was compared to a 5% albumin solution as a 
cell-free, colloidal pump prime for patients un- 
dergoing cardiac surgery for coronary artery 
disease. 


Materials and Methods 

Seventy-nine patients undergoing coronary 
artery bypass grafting were involved in a pro- 
spective study that compared two cell-free 
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primes for cardiopulmonary bypass. The pa- 
tients were matched according to age and body 
surface area. Thirty-seven patients received a 
prime of 1,000 ml of 6% hetastarch solution 
(Hespan*), 800 ml of Ringer's lactate, 100 ml of 
50% dextrose, 45 mEq of sodium bicarbonate, 
and 5,000 units of sodium heparin. The final 
prime solution thus contained 3% hetastarch. A 
second group consisting of 42 patients received 
our standard prime of 300 ml of 25% albumin, 
1,600 ml of Ringer’s lactate, 45 mEq of sodium 
bicarbonate, and 5,000 units of sodium hepa- 
rin. 

Urine output on bypass; platelet counts’ and 
fibrinogen levels before and after bypass, chest 
tube drainage at 4 hours and 24 hours after op- 
eration, prothrombin time, partial. thrombo- 
plastin time, plasma hemoglobin, and blood 
usage were recorded for all patients. Colloid 
osmotic pressures were measured? in selected 
patients before, during, and after bypass. Ap- 
propriate statistical comparisons were ‘ ‘made 
using SAS (Statistical Analysis Systems) [4] 
programs on an IBM 3033 computer. A p value 
of less than 0.05 was considered significant. 

The cardiopulmonary bypass technique in- 
cluded a bubble oxygenator, hypothermia at 
25°C, and induced 4°C hyperkalemic cardio- 
plegia [5]. 


Results 

Many variables were compared between the 
hetastarch-containing prime and the albumin 
prime. There was no statistical difference in 
patient population when compared by age, 
weight, body surface area, bypass time, or aor- 
tic cross-clamp time (Table). Similarly, there 
was no statistical difference in the number 
of vessels bypassed: hetastarch—one-vessel 
bypass in 5 patients, two vessels in 12, three 


*American Critical Care, American Hospital Supply Corpo- 
ration, McGaw Park, IL 60085. 

tWescor Model 4100 colloid oncometer, Wescor Inc., Salt 
Lake City, UT 
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Patient Population Variables Compared Using Hetastarch Prime and Albumin Prime 

















Results Albumin Prime Hetastarch Prime Significance 
No. of patients 42 37 NS 
Age (yr) 57.1 + 8.6 57.6 + 87 NS 
Weight (kg): 84.8 + 13.9 81.6 + 11.0 NS 
Body surface area (m?) 1.97 + 0.16 1.94 + 0.15 NS 
Bypass time (min) 104 + 48 8& + 36 NS 
Aortic cross-clamp time 61 + 32 49 + 23 © NS ` 
Urine output on bypass (ml) 348 +281 310 +256 NS 
Fibrinogen 
Prebypass 239 + 58.6 245 + 56.4 NS 
Postbypass 164 + 36.5 171 + 41.8 NS 
Drop 0.30 + 0.09 0.30 + 0.15 NS 
Platelet count (X 1,000} 
Prebypass 193 + 45.8 206 + 42.4 NS 
Postbypass 156 + 39.0 136 + 36.6 p < 0.02 
Drop 0.18 + 0.13 0.32 £ 0.15 p < 0.0001 
Chest tube drainage 
At4hr i 354 +233 340 + 197 NS 
At 24 hr 344 +358 957 +413 NS 
Prothrombin time (sec) 12.6 + 0.52 12.8 + 1.02 NS 
Partial thromboplastin time 40.1 + 4.4 42.4 + 13.7 NS 
Plasma hemoglobin 24.3 + 17.2 30.5 + 31.8 NS 
Blood usage (units) 
Bypass 04 + 1.0 02 + 0.7 NS 
Total (24 hr) 3.7 + 2.5 34 £ 2 3 NS 
Fresh-frozen plasma (24 hr) 25 4 15 20 + 1.8 NS 
Platelets (24 hr) 20 + 4.2 13 + 3.2 NS 
NS = not significant. 
vessels in 12, and four or more vassels in 8; 
albumin—one-vessel bypass in 5 patients, two z 
vessels in 14, three vessels in 16, and four or € 27 
more vessels in 7. We found no statistical dif- 5 | i 
ference between the postbypass plasma &% 15 | 
hemoglobin levels, prothrombin times, partial S S 
thromboplastin times, or amount o? blood and g 10b 
blood products used (see the Table). a 
CE and : 5 © HETASTARCH 
The only significant differences noted were ag D ALBUMIN 
the postbypass platelet count (p <0.02)andthe ° | 
platelet drop during bypass (p < €.001). Even 


though the postbypass platelet counts were 
lower with hetastarch than with albumin, they 
remained near normal for our institution 
(140,000 to 340,000/ml). 

Colloid osmotic pressures in patients before, 
during, and after cardiopulmonary bypass for 
both hetastarch and albumin primes are shown 
in the Figure. Although the colloid osmotic 
pressure in the hetastarch prime was slightly 
less than that in the albumin prime prior to 





aan 
PUMP PRE ON POST 
PRIME BYPASS BYPASS BYPASS 


PATIENT 
Mean colloid osmotic pressure is shown + 1 standard 
deviation for each pump prime and for patients before, 


during, and after cardiopulmonary bypass. The asterisks 
indicate changes significant at p <0.05. 
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bypass, colloid osmotic pressures in patients 
were not significantly different during and after 
bypass. 
Another difference was the cost to the patient 
for each prime. In our institution, the heta- 
starch prime costs $119.50 per patient, whereas 
the albumin prime costs $321.35 per patient. 


Comment , : 

Hemodilution has reduced the incidence of 
transfusion reactions, transmission of viral 
hepatitis, and other clinical sequelae previously 
associated with the use of extracorporeal cir- 
cuits [6-8]. The applications of open-heart 
surgery have been broadened due to the pro- 
longation of the perfusion period afforded by 
hemodilution [9, 10]. Both crystalloid- and 
colloid-containing priming solutions have been 
used for hemodilution during clinical car- 
diopulmonary bypass. During and immediately 
following cardiopulmonary bypass with crys- 
talloid primes, there is an increase in water and 
‘sodium uptake [11, 12]. And although the pa- 
tient’s blood volume was decreased after oper- 
ation, the volume of the extracellular fluid was 
increased [13]. Mishler and associates [8] found 
that the use of colloidal agents in extracorporeal 
circuits was effective in reducing hepatic, renal, 
and hematological alterations usually asso- 
ciated with cardiopulmonary bypass. For these 
reasons, it has been our practice to date to em- 
ploy colloid-containing primes for cardiopul- 
monary bypass. Albumin has commonly been 
added to primes for cardiopulmonary bypass 
because of its colloid osmotic pressure. Albu- 
min is, however, limited in supply and con- 
sequently expensive. 

In this study, two cell-free colloidal primes 
were compared. Among the variables evalu- 
ated, the only differences were: (1) the colloid 
osmotic pressure of the pump prime, (2) the 
postbypass platelet count, (3) platelet drop on 
bypass, and (4) the cost to the patient for each 
prime. 

Even though the colloid osmotic pressures of 
the albumin and hetastarch-containing primes 
were different, no difference in:colloid osmotic 
pressures was found in samples drawn from 
patients before, during, and after bypass. 

Decreases in platelet counts following car- 


diopulmonary bypass have been explained by 
platelet aggregation to the large surface area of 
the extracorporeal circuit. Packham and as- 
sociates [14] have studied the effect of surface 
coating with albumin on platelet function. They 
observed that surfaces coated with albumin 
showed less platelet adherence and that sub- 
sequent release of platelet constituents was re- 
duced [14]. In studies with blood recirculating 
through arteriovenous shunts in dogs, Chang 
[15] found that coating these shunts with albu- 
min resulted in no significant decrease in 
platelet levels or increase in platelet adhesive- 
ness. For these reasons, it is understandable 
that the postbypass platelet counts for patients 
receiving the albumin-containing prime would 
be higher than for those patients receiving 
hetastarch. Although the postbypass platelet 
counts were lower with hetastarch, they were 
near normal and did not manifest any bleeding 
problems reflected by the chest tube drainage 
or the amount of blood and blood products 
used by each group. Similar transient decreases 
in platelet counts after hetastarch infusion have 
been reported [8, 16], but in these cases also the 
platelet counts were above levels required for 
normal hemostasis, and bleeding times were 
normal. 

In conclusion, we find that hetastarch is a 
safe, cheap, and effective replacement for 25% 
albumin in Ringer’s lactate as a pump prime. 
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Bronchogenic Carcinoma with Chest Wall Invasion: 
Factors Affecting Survival Following en Bloc Resection 


Jeffrey M. Piehler, M.D., Peter C. Pairolero, M.D., 
Louis H. Weiland, M.D., Kenneth P. Offord, M.A., 
W. Spencer Payne, M.D., and Philip E. Bernatz, M.D. 


ABSTRACT Sixty-six patients (54 men and 12 
women) with primary bronchogenic carcinoma and 
documented chest wall invasion underwent en bloc 
chest wall and pulmonary resection at the Mayo 
Clinic between January 1, 1960, and January 1, 1980. 
Ages ranged from 36 to 85 years, with a mean of 62.2. 
Forty-eight lobectomies, 16 pneumonectomies, and 2 
wedge excisions were performed. After operation, 31 
patients were classified as T3 NO MO, 7 as T3 N1 MO, 
and 12 as T3 N2 MO. In 16 patients, the N classifica- 
tion could not be determined (T3 Nx MO). Operative 
mortality was 15.2%. Actuarial five-year survival 
(Kaplan-Meier method) of the 56 patients surviving 
operation was 32.9%. Five-year survival for patients 
with T3 NO MO neoplasms was 53.7%; five-year sur- 
vival for patients with N1 and N2 neoplasms was 
only 7.4% (p = 0.001). The effect of various factors 
on survival, both singularly and in combination, 
was assessed by Cox’s proportional hazards model. 
Only age had a significant association with survival. 
Among patients with T3 NO MO neoplasms, five-year 
survival was 84.6% for those 60 years of age or less 
and 27.7% for patients who were older than 60 years 
(p = 0.009). We conclude that en bloc resection for 
primary bronchogenic carcinoma with chest wall in- 
vasion, while associated with a significant mortality, 
can be performed with a strong likelihood of long- 
term survival if regional lymph nodes are not meta- 
statically involved and there is no evidence of dis- 
tant metastasis. 


Invasion of the chest wall by bronchogenic car- 
cinoma is not rare. The prognostic importance 
of this finding, however, has been controver- 
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sial. Early reports had regarded thoracic wall 
invasion as a uniformly ominous sign [1, 2], 
while recent reports have been more optimistic 
[3-9], especially when lymph nodes were not 
metastatically involved. No report, however, 
has statistically analyzed survival according to 
TNM classification. The purpose of our study 
was to determine the survival characteristics of 
patients with direct invasion of the chest wall 
by primary bronchogenic carcinoma whose 
disease had been staged postoperatively by the 
TNM classification system of the American 
Joint Committee for Cancer Staging and End- 
Results Reporting [10]. 


Materials and Methods 

Between January 1, 1960, and January 1, 1980, 
93 patients at the Mayo Clinic underwent 
en bloc chest wall and pulmonary resection 
for treatment of bronchogenic carcinoma. 
Twenty-seven patients were eliminated from 
the analysis because their resection was incom- 
plete, the tumor represented recurrent bron- 
chogenic carcinoma, or histological invasion of 
at least the parietal pleura was not documented. 
Also excluded were patients in whom the pri- 
mary neoplasm originated in the superior pul- 
monary sulcus. The latter group of patients was 
excluded because their pathological process is 
believed to have clinical and therapeutic impli- 
cations different from those of patients who 
have invasion of the chest wall in other loca- 
tions. Data on the remaining 66 patients form 
the basis for this report. The records of these 
patients were analyzed with regard to age, sex, 
tumor size, number of ribs resected, extent 
of pulmonary resection, whether hilar lymph 
nodes were metastatically involved, postopera- 
tive adjuvant radiation therapy, and survival. 
All resected specimens were reviewed by one of 
us (L. H. W.) to determine cell type and depth 
of chest wall invasion. 
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Survival probabilities were calculated by the 
Kaplan-Meier actuarial method [11], using data 
on operative survivors only. Operative mortal- 
ity included all deaths occurring less than 30 
days after operation and all deaths occurring 30 
or more days postoperatively but during the 
same hospitalization as the operation. Expected 
survival curves were based on deaths from all 
causes from West North Central 1970 life-table 
data and were matched specifically for age and 
sex of the group being analyzed. The effects of 
various factors on survival were assessed by the 
proportional hazards model of Cox [12]. 


Clinical Findings 
There were 54 men and 12 women ranging in 
age from 36 to 85 years, with a mean of 62.2 
years. The neoplasm was located on the right in 
41 patients and on the left in 25. Mediastinos- 
copy or mediastinotomy was performed in 15 
patients; no patient had evidence of metastatic 
lymph node involvement. 

All 66 patients underwent posterolateral 
thoracotomy. At operation, adherence of the 


‘pulmonary neoplasm to the chest wall was 


clearly delineated. Wide resection of the ribs 
and intercostal muscles was performed in all 
and, when necessary, en bloc chest wall mus- 
culature was also resected. The resected portion 
of the chest wall attached to lung was then al- 
lowed to drop into the pleural cavity, where 
pulmonary resection was performed in the 
usual manner. In all patients, chest wall mar- 
gins were confirmed histologically to be free of 
tumor. In 64 patients, reconstruction was 
achieved with autogenous tissue. Generally, 
closure was accomplished with either scapular 
or chest wall musculature. Reconstruction with 
Marlex mesh was utilized in only 2 patients. 
TNM classification is shown in Table 1. All 66 
patients were classified as postsurgical stage III 
by American Joint Committee criteria because 
of direct extension of the primary tumor (T3) 
into the chest wall. Beginning in 1976, all 
patients undergoing thoracotomy for bron- 
chogenic carcinoma at our institution had 
routine biopsy of paratracheal, subcarinal, in- 
ferior pulmonary ligament, and hilar lymph 
nodes for staging purposes. Thus an accurate 
classification of lymph node status (NO, N1, or 


Table 1. TNM Classification of Patients 
with Bronchogenic Carcinoma 





Patients 
Classification No. % 
T3 NO MO 31 47.0 
T3 N1 MO 7 10.6 
T3 N2 M0 12 18.2 
T3 Nx MO 16 24.2 
Total 66 100.0 


Table 2. Extent of Chest Wall Resection 
in Bronchogenic Carcinoma 





Patients 

No. of Ribs 
Resected No. % 
1 1 1.5 
2 29 43.9 
3 30 45.5 
4 5 7.6 
5 1 1.5 

Total 66 100.0 





N2) was possible. Before that date, however, 
mediastinal lymph nodes were, in general, 
biopsied only when there was suspicion of in- 
volvement with metastatic cancer, although re- 
sected hilar nodes were routinely examined 
histologically. Consequently, the lymph node 
classification could not be accurately defined in 
16 patients in this series. Although 2 of these 16 
patients did have hilar lymph node metastases, 
all 16 were classified Nx because mediastinal 
nodes were not biopsied. None of the 66 pa- 
tients had evidence of distant metastasis (M0) at 
the time of operation. 

Maximal diameter of the neoplasm ranged 
from 2.0 to 10.0 cm, with a mean of 5.9 cm. The 
number of ribs excised ranged from 1 to 5, with 
a mean of 2.6 (Table 2). Lobectomy was per- 
formed in 48 patients (72.7%), pneumonectomy 
in 16 (24.3%), and wedge excision in 2 (3.0%) 
(Table 3). Pneumonectomy was required in 
16.1% of patients with T3 NO MO neoplasms, 
28.6% of patients with T3 N1 MO neoplasms, 
and 66.7% of patients with T3 N2 M0 neo- 
plasms. The distribution of tumor cell type is 
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Table 3. Extent of Pulmonary Resection in 
Bronchogenic Carcinoma with Chest Wall Invasion 








Patients 

Procedure No. % 
Lobectomy 48 72.7 

Right upper 32 

Right lower 1 

Right upper and middle 1 

Left upper 13 

Left lower 1 
Pneumonectomy 16 24.3 

Right 6 

Left 10 
Wedge resection 2 3.0 

Right 1 

Left 1 

Total 66 100.0 
Table 4. Tumor Cell Type in Bronchogenic 
Carcinoma with Chest Wall Invasion 
Patients 

Cell Type No. % 
Squamous cell carcinoma 28 42.4 
Adenocarcinoma 19 28.8 
Large cell carcinoma 16 24.3 
Small cell carcinoma 2 3.0 
Bronchoalveolar carcinoma 1 1.5 

Total 66 100.0 


shown in Table 4. Two patients with small cell 
bronchogenic carcinoma were classified T3 N0 
MO. Although both died from their disease 
within 18 months after operation, they were 
retained for survival analysis with the realiza- 
tion that their inclusion would adversely affect 
survival rates for the entire group. 


Results 

Eight patients died within 30 days after opera- 
tion. Another 2 patients died at 41 and 63 days 
postoperatively, but during the same hospitali- 
zation. Overall operative mortality was 15.2%, 
with the 10 deaths being evenly distributed 
throughout the period of the study. Operative 
mortality for patients undergoing pneumonec- 


tomy was 12.5% (2 patients), lobectomy 16.7% 
(8 patients), and wedge excision 0%. Operative 
mortality for patients with T3 NO MO neoplasms 
was 16.1% (5 patients), T3 N1 MO neoplasms 
14.3% (1 patient), T3 N2 MO neoplasms 8.3% (1 
patient), and T3 Nx MO neoplasms 18.8% (3 pa- 
tients). Mean age for these 10 patients was 71.1 
years. For patients 60 years of age or less, oper- 
ative mortality was 5.0%, compared with 19.6% 
for patients older than 60 years. The mean age 
of patients not surviving surgery was signifi- 
cantly greater than that of survivors (p = 0.004). 
Of the operative deaths, 6 were from acute 
myocardial infarction, 2 from respiratory insuf- 
ficiency, 1 from massive upper gastrointestinal 
hemorrhage, and 1 from a perforated jejunum 
with sepsis. 

Actuarial five-year survival for the 56 opera- 
tive survivors was 32.9% (Fig 1). Five-year sur- 
vival for the 26 operative survivors with T3 NO 
MO neoplasms was 53.7% (Fig 2). If the 2 pa- 
tients with small cell carcinoma were excluded 
from this group, five-year survival was 58.6%. 
Because the number of operative survivors with 
either N1 (6 patients) or N2 (11 patients) lesions 
was limited, data on these patients were com-. 
bined for further analysis. Also included were 2 
patients classified Nx who survived operation 
but who had hilar lymph node metastases. 
Five-year survival for these 19 patients was 
7.4% (see Fig 2). A significant difference (p = 
0.001) was demonstrated when their survival 
was compared with that of patients who had T3 
NO MO neoplasms. Of all patients with known 
lymph node metastases, only 1 survived five 
years; this was a patient with an N2 lesion. A 
second patient with an N2 lesion was alive 212 
years postoperatively without evidence of dis- 
ease. The remaining 17 patients died of their 
disease. 

Because lymph node metastasis has a sig- 
nificant negative effect on survival, a more de- 
tailed analysis of factors contributing to survi- 
val was limited to patients with T3 NO MO 
neoplasms. Survival of these patients was ex- 
amined for potential association with the fol- 
lowing variables: age, sex, cell type, tumor 
diameter, depth of chest wall invasion, extent 
of chest wall resection, extent of pulmonary re- 
section, and postoperative adjuvant radiation 
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Fig 1. Probability of survival based on 56 patients with 
postsurgical stage II bronchogenic carcinoma invading 
the chest wall. Expected survival curves calculated from 
1970 West North Central life tables, adjusted for age 
and sex. Zero time on the abscissa represents 30 days 
after operation. 
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Fig 2. Probability of survival of patients with bron- 
chogenic carcinoma invading the chest wali by postsurgi- 
cal TNM classification. Zero time on the abscissa repre- 
sents 30 days after operation. Survival probatilities for 
the two groups are significantly different (p = 0.001). 


therapy. These variables were analyzed both 
singly and in combination. Only age had a sig- 
nificant association with survival, and no vari- 
able added significantly to age. Five-year sur- 
vival for the 13 operative survivors 60 years of 
age or less was 84.6% (Fig 3), significantly 
greater (p = 0.009) than the 27.7% five-year 
survival (Fig 4) for the 13 patients more than 60 
years of age. The younger group of patients, 
however, has a longer life expectancy because 
they are younger at the time of entry into the 
study. Consequently, each group has its own 


expected survival curve. Considering all 31 pa- 
tients with T3 NO MO neoplasms and arbitrarily 
selecting two-year survival for analysis, the 
difference between observed and expected sur- 
vival probabilities was significantly greater (p 
= 0.029) for patients older than 60 years of age. 
Considering only the 26 operative survivors, 
the difference was strongly suggestive (p = 
0.055). 

Postoperative adjuvant radiation therapy was 
used selectively throughout the study period. 
Radiation therapy was utilized during the early 
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Fig 3. Probability of survival based on 13 patients 60 
years of age or less with postsurgical T3 NO MO bron- 
chogenic carcinoma invading the chest wall. Zero time 
on the abscissa represents 30 days after operation. 
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Fig 4. Probability of survival based on 13 patients 
greater than 60 years of age with postsurgical T3 NO 
MoO bronchogenic carcinoma invading the chest wall. 
Zero time on the abscissa represents 30 days after oper- 
ation. 


postoperative period in 16 patients and, re- 
gardless of the TNM classification, no effect on 
survival was detectable. The actuarial five-year 
survival for patients with T3 NO MO neoplasms 
with or without adjuvant radiation therapy was 
53.3% and 54.4%, respectively, with the groups 
evenly matched by age and sex. Adjuvant 
chemotherapy: was used in only 4 patients, 
with no apparent effect on survival. 


Comment 

Although invasion of the chest wall by bron- 
chogenic carcinoma has, in general, never been 
considered evidence of unresectability, early 


reports were pessimistic about long-term sur- 
vival [1, 2]. In 1947, however, Coleman reported 
on 2 patients who subsequently survived 8 and 
13 years after en bloc resection of the lung and 
chest wal! {3, 13]. Since then, other inves- 
tigators have reported similar successes [4, 9, 
13). These reports, however, were often in dis- 
agreement because they occasionally included 
patients who had nonbronchogenic carcinoma, 
tumors with chest wall adherence but not 
malignant invasion, and tumors treated with 
simple extrapleural excision rather than full- 
thickness chest wall resection. Nevertheless, 
several reports had emphasized that five-year 
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Fig 5. Probability of survival based on 236 patients with 
postsurgical T2 NO MO bronchogenic carcinoma com- 
pared to the probability of survival based on 26 patients 
with postsurgical T3 NO MO bronchogenic carcinoma 
invading the chest wall. Zero time on the abscissa rep- 
resents 30 days after operation. There is no significant 
difference in survival probabilities for either group. 


postresection survival of approximately 30% 
was possible if lymph nodes were not meta- 
statically involved [5, 8, 9]. No report has statis- 
tically analyzed survival according to the 
American Joint Committee staging system. 
Thus, the purpose of this study was not to 
document the feasibility of en bloc pulmonary 
and chest wall resection for bronchogenic car- 
cinoma, but rather to document the efficacy of 
this approach in certain subsets of postsurgical 
stage III patients. It must be emphasized that 
the numerous restrictions placed on entry into 
this study resulted in a highly selected group of 
patients; nevertheless, this is a patient popula- 
tion encountered with reasonable regularity in 
clinical practice. 

Actuarial five-year survival for patients un- 
dergoing en bloc resection for bronchogenic 
carcinoma invading the chest wall if lymph 
nodes were metastatically involved was 7.4%. 
Only 1 of our patients with lymph node metas- 
tasis was alive five years after en bloc resection. 
This patient had a T3 N2 M0 neoplasm and ap- 
pears to be the only such survivor reported in 
the literature. All but 1 of our remaining pa- 
tients with lymph node metastases were dead 
from their disease at the time of this review. 
Thus, it appears that staging procedures to de- 


termine the presence or absence of lymph node 
metastases in patients with bronchogenic car- 
cinomas invading the chest wall offer important 
prognostic information. The decision to pro- 
ceed with an en bloc resection in patients with 
documented lymph node metastasis, however, 
should be individualized. Our data suggest that 
operative mortality is high and the possibility 
of surgical cure is remote; however, this must 
be balanced against the anticipated gain of suc- 
cessful palliation of pain that many of these pa- 
tients experience. 

Patients with T3 NO MO bronchogenic car- 
cinoma invading the chest wall represent a very 
favorable subset of patients with stage III dis- 
ease. Five-year survival for our operative sur- 
vivors was 53.7% (58.6% for those with non- 
small cell carcinoma). When the survival curve 
of our 26 patients who had T3 NO MO bron- 
chogenic carcinomas was compared with the 
survival curve of the 236 operative survivors 
who had postsurgical T2 NO M0 bronchogenic 
carcinoma (stage I) recently reported by Wil- 
liams and associates [14], the curves were re- 
markably similar (Fig 5), with no significant 
difference in survival probabilities at two 
or five years after resection. Obviously, our 
number of patients with T3 NO MO disease is 
not sufficient for us to recommend restructur- 
ing of the TNM staging system. Rather, our 
study demonstrates the existence of a favorable 
subset of patients with stage II] bronchogenic 
carcinoma. 

We have no explanation of why younger pa- 
tients have an increased five-year survival. Pa- 
tients 60 years of age or less had a five-year sur- 
vival of 84.6%. Although this was significantly 
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different from that for patients more than 60 
years of age, 27.7% of these older patients were 
estimated to survive at least five years. Age 
alone, then, should not be an absolute con- 
traindication in selecting patients for en bloc 
resection. A similar association with age was 
found in our postsurgical stage I patients with 
bronchogenic carcinoma [14]. 

Cell type, tumor size, depth of chest wall in- 
vasion, and extent of chest wall or lung re- 
section were not found to influence survival 
significantly. This is in contradiction to the 
experience of Mishina and colleagues [8], who 
believed that depth of chest wall invasion had 
prognostic importance. Perhaps analysis of 
larger numbers of patients would reveal sig- 
nificant associations. 

We conclude that en bloc resection of chest 
wall and lung for primary bronchogenic car- 
cinoma with chest wall invasion, while asso- 
ciated with a significant operative mortality, 
can be performed with a reasonable expectation 
of long-term survival if lymph nodes are not 
metastatically involved. Older age appears to 
decrease long-term survival, but age alone 
should not abrogate surgical resection. 
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Discussion 

DR. ALLEN J. TOGUT (Brockton, MA): Is there any ex- 
perience with preoperative chemotherapy in these 
chest wall lesions? 


DR. RAYMOND A. DIETER (Glen Ellyn, IL): Dr. Piehler, 
do you have any thoughts on why the cell type of 
the tumors had no effect on the results? 


DR. PIEHLER: We thank Dr. Martini for his comments 
(see Discussion, p 696). 

Regarding the questions that arose from the floor, 
we do not use adjuvant radiation therapy for stage I 
bronchogenic carcinoma, so we cannot comment on a 
higher incidence of disseminated disease late after 
radiation. Additionally, we have not used adjuvant 


. chemotherapy in the preoperative period. 


Our study analyzed the influence of cell type on 
survival, and no significant effect was found. This 
has also been our experience in patients with stage I 
non-small cell bronchogenic carcinoma. It appears 
that the completeness of local resection is a more im- 
portant determinant of survival than cell type. 

With regard to Dr. Martini’s question concerning 
the effect of depth of invasion on survival, 9 of our 
patients in the NO group did have extension of tumor 
into the parietal pleura alone. In these patients, we 
were not able to identify a significantly improved 
survival. All these patients did, however, undergo 
full-thickness chest wall resection. 

The absence of lymph node metastasis is the most 
important factor in long-term survival. We compared 
actuarial survival of our 26 patients with T3 NO 
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neoplasms with survival of 236 patients from our in- 
stitution who had T2 NO stage I neoplasms and 
found the survival curves to be remarkably similar, 
with no statistical difference. We conclude that pa- 
tients with bronchogenic carcinoma invading the 
chest wall without lymph node metastasis represent 





Notice from The American Board of Surgery 


The American Board of Surgery, Inc., an- 
nounces that it is now authorized <o offer the 
Certification of Special Qualifications in Gen- 
eral Vascular Surgery to its Diplcmates and 
to those of the American Board of Thoracic 
Surgery. It is not the intent of The American 
Board of Surgery to award this special certifi- 
cation to surgeons whose training or practice 
in vascular surgery is covered by the usual 
parameters of general and thoracic surgery. The 
certification is to be awarded only tc those who 
have had intensive or additional approved 
training, or both, in this discipline, or who over 
a period of five years or more have clearly dem- 


a very favorable subset of patients and that con- 
tinued aggressive surgical management appears to 
be warranted. 


(For additional discussion of this article, see pp 
696-697.) 


onstrated their dedication to vascular surgery 
by making well-known and important con- 
tributions to the specialty. 

Certification will be offered on an annual 
basis. The first cycle of evaluation of surgeons 
who seek this special certification is now be- 
ginning, and the final step, a written examina- 
tion, will be completed on November 18, 1983. 

Interested surgeons who feel that they qualify 
should address their inquiries—-as soon as pos- 
sible but no later than April 1, 1983-—to the Sec- 
retary, The American Board of Surgery, Inc., 
1617 John F. Kennedy Blvd, Philadelphia, 
PA 19103. 


The Value of Adjuvant Radiotherapy in Pulmonary 
and Chest Wall Resection for Bronchogenic Carcinoma 


G. A. Patterson, M.D., R. Ilves, M.D., R. J. Ginsberg, M.D., J. D. Cooper, M.D., 
T. R. J. Todd, M.D., and F. G. Pearson, M.D. 


ABSTRACT Thirty-five patients, 29 men and 6 
women, underwent pulmonary and chest wall re- 
section for treatment of bronchogenic cancer which 
had extended into the chest wall. Anterior chest wall 
resection was performed in 6 patients, lateral resec- 
tion in 2, and posterior resection in 27. Marlex mesh 
was employed as a prosthetic material in 13 patients. 
Radiotherapy was given as part of the planned 
therapeutic regimen in 13 patients. 

Three patients (8.5%) died in the postoperative pe- 
riod. There were 21 late deaths. Eleven patients are 
alive 7 months to 12 years after resection. The overall 
actuarial survival, including operative mortality, is 
38% at 5 years. Actuarial survival of the 13 ir- 
radiated patients is 56% at 2 and 5 years. 

We believe that bronchogenic carcinoma with 
chest wall involvement is not hopeless, and that re- 
section of the lung and chest wall can be performed 
with an acceptable mortality rate. 


The chest wall is involved by direct tumor ex- 
tension in approximately 2 to 8% of patients 
undergoing thoracotomy for bronchogenic 
cancer [1-3]. Until the report by Coleman [4] in 
1947 of 2 long-term survivors among 5 patients 
undergoing combined resection, it was gener- 
ally believed that chest wall involvement with 
lung cancer indicated a uniformly dismal prog- 
nosis. Since then, a number of series have sup- 
ported combined resection of chest wall and 
lung for such pulmonary tumors. The role of 
adjuvant radiotherapy, however, is controver- 
sial. In a small number of patients, surgeons at 
the Mayo Clinic considered radiotherapy to be 
of no value [2]. However, Mishina and co- 
workers [3] recently reported increased long- 
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term survival with adjuvant radiotherapy or 
radiotherapy combined with chemotherapy. 
The present study reviews our results with 
combined pulmonary and chest wall resection, 
and attempts to clarify the role of adjuvant 
radiotherapy. 


Patients and Methods 

Between September, 1969, and January, 1981, 
35 patients underwent resection of the lung and 
chest wall for treatment of bronchogenic cancer, 
which had extended both grossly and micro- 
scopically into the chest wall. In all patients, the 
tumor had extended through the parietal pleura 


by microscopy and, in most, into the musculo- 


skeletal chest wall as well. Patients with tumors 
extending through the mediastinum, pericar- 
dium, or diaphragm were excluded from this 
study. Patients with superior sulcus tumors 
were also excluded. 


Clinical Findings 
PATIENT POPULATION. There were 29 men and 6 
women. The mean age was 64 years, with a 
range of 53 to 81 years. The most common 
symptom seen was chest pain, which was 
present in 26 patients (74%). All patients had 
clearly demonstrable lesions on chest roent- 
genograms. Special rib views and lamina- 
grams were used in 20 patients and showed 
definitive evidence of chest wall invasion 
in 9. The CAT scan, which was used once, also 
defined invasion. 

OPERATIVE PROCEDURES. Twenty-six patients 
underwent a single lobectomy, 2 had a 
bilobectomy, 1 had a lobectomy with a wedge 
resection, 5 had a pneumonectomy, and 1, an 
isolated wedge resection (Table 1). The number 
of ribs involved in the resection is shown in 
Table 2. Three ribs were resected most fre- 
quently (18 patients). Anterior chest wall resec- 
tion was performed in 6 patients, lateral resec- 
tion, in 2 patients, and posterior resection, in 27 
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Table 1. Operative Procedures in 35 Patients 
Undergoing Pulmonary and Chest Wall 
Resection for Bronchogenic Carcinoma 


No. of 

Procedure Patients 
Lobectomy 26 
Bilobectomy 2 
Lobectomy, + wedge resection 1 
Pneumonectomy 5 
Wedge resection 1 

Total 35 





Table 2. Number oj Ribs Resected in Operations 
for Bronchogenic Carcinoma 


No. of Ribs No. of Patients 
1 3 
2 9 
3 18 
4 4 
5 1 


patients. In 29 resections, the pulmonary and 
chest wall specimens were removed en bloc. 

Resection was believed to be curative in 30 
patients and palliative in 5 others. who had 
tumor involvement at the resection margins or 
the highest removed lymph node. Marlex mesh, 
the only prosthetic material used. was em- 
ployed in a single layer in 8 patients and in a 
double layer in 5 patients. 


Pathological Findings 

The distribution of tumor cell types is shown in 
Table 3. The most frequently observed tumor 
was squamous cell carcinoma in 27 patients. By 
definition, these tumors are all classified as 
T3. Twenty-four patients had NO lesions, 6 pa- 
tients had N1 lesions, and N2 disease was 
found in 5 patients. 


Adjunctive Therapy 

Radiotherapy was part of the planned 
therapeutic regimen in 13 patients. Five pa- 
tients were irradiated preoperatively and 8, 
postoperatively. In 2 patients, radiation was 
utilized because of known residual chest wall 


Table 3. Cell Types and Staging of Tumors in 
Bronchogenic Carcinoma Seen in 35 Patients 





Characteristic No. of Patients 
Cell type 
Squamous cell 27 
carcinoma 
Adenocarcinoma 5 
Large cell carcinoma 1 
` Mixed cellularity 1 
Unspecified 1 
Total 35 
Staging 
T3NO0 24 
T3N1 6 
T3N2 5 
Total 35 


involvement. In another 2 patients, radiation 
was added because of mediastinal node in- 
volvement, which was grossly removed. In the 
other 9 patients, there was no particular bias for 
adjuvant therapy other than the surgeon’s pref- 
erence. The dose of radiation ranged from 2,000 
to 5,000 rads, averaging 3,464 rads. Twenty-two 
patients were not irradiated. Chemotherapy 
was not used as part of the initial therapy in any 
patient. 


Results 

Three patients died in the postoperative period, 
for an operative mortality of 8.5%. Respiratory 
failure was the major precipitating event in all 
deaths. A lobectomy was done in 2 of these 
patients, 1 of whom was reconstructed with 
single-layer Marlex mesh. 

The third patient had a pneumonectomy, also 
with single-layer Marlex reconstruction. Chest 
wall instability was not thought to contribute to 
the respiratory failure. Two of the patients who 
died also had extensive mediastinal dissection 
for N2 nodes. 

Eleven patients are alive seven months to 12 
years postoperatively (follow-up as of August, 
1981). The overall actuarial survival, including 
operative mortality, is 38%. Two patients are 
alive with known metastatic disease. No sur- 
vivors have locally recurrent disease in the 
chest wall. All 21 late deaths occurred from dis- 
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_ seminated metastatic disease. There are no sur- 
vivors among 5 patients with N2 disease. Only 
one of 6 patients with N1 disease is alive (at 2 
years) with known metastatic disease. 

Of 22 patients not irradiated, only 4 remain 
alive (survival range, 2 to 8 years). One of these 
is the single N1 survivor. Actuarial survival is 
36% at 2 years and 30% at 5 years (see Figure). 

Of 13 patients who received radiation, 7 are 
alive. This number includes 2 of 5 patients ir- 
radiated preoperatively and 5 of 8 patients ir- 
radiated postoperatively. Actuarial survival for 
irradiated patients is 56% at 2 years and 56% at 
5 years. In the irradiated group, 2 patients had 
palliative, incomplete resections and N1 le- 
sions; 2 other patients had N2 lesions. This 
leaves 9 irradiated patients with T3N0 lesions 
and curative resections. Seven of the 9 (78%) 
are alive and free of disease. Of 14 patients who 
were not irradiated and who also had T3N0 le- 
sions and curative resections, only 3 (21%) are 
alive (Table 4). 


Local chest wall recurrence did not develop in 
any irradiated patient. Among the 22 patients 
who were not irradiated, 6 (27%) developed lo- 
cally recurrent disease. Five patients had in- 
complete resections; 2 of these had postopera- 
tive irradiation. There were no survivors in this 
group, but local recurrence was seen in only 1 
nonirradiated patient who also had hema- 
togenous metastases. ` 

Atelectasis of a lung or lobe was the most fre- 
quent complication, occurring in 10 patients. 
Five of these patients had Marlex reconstruc- 
tions, Respiratory failure, requiring mechanical 
ventilatory support for more than 24 hours, was 
seen in 6 patients. Two patients developed 
wound infections, and 2 others developed late 
postoperative empyema, necessitating removal 
of the Marlex mesh; 1 of these patients had de- 
veloped a late bronchopleural fistula. Most of 
the patients were relieved of their chest wall 
pain, but 3 developed intractable postthora- 
cotomy discomfort. In no patient was late chest 
wall instability a symptomatic problem. 


Comment 

Our experience confirms earlier reports of the 
value of surgical resection for carcinoma of the 
lung involving the chest wall. The actuarial sur- 
vival for the patients in our series was 38% at 5 
years. Previous studies have also stated that the 
general use of adjuvant radiotherapy preopera- 
tively is of no value [5]. However, Paulson [6] 
has demonstrated the benefit of preoperative 
radiotherapy in patients with superior sulcus 
tumors. Some reports have agreed that pre- 
operative radiotherapy is beneficial [7], while 
others have disagreed [8]. In tumors involving 


Table 4. Follow-up Results in Patients Having Curative Resections (Excluding Operative Mortality) 


Irradiated Patients 


Nonirradiated Patients 








Staging of Tumor No. of Survivors 


T3NO 7 l 2 

T3N1 pet Sgi 

T3N2 0 1 
Total 7 3 


aWith known metastases. 
‘Excluding 1 operative death. 


No. of Deaths 


No. of Survivors No. of Deaths 


3 10 
1° 1 
0 2 
4 13 
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the nonapical chest wall, the role of adjuvant 
radiotherapy is unclear. Mishina and colleagues 
[3] suggest that adjuvant radiotherapy does im- 
prove survival, but the number of patients in 
their series was small, and in some patients 
adjuvant chemotherapy was also used. Geha 
and associates [2] believed that postoperative 
radiotherapy was of no benefit. In our series, 
there was an appreciable difference in 5-year 
actuarial survival between the nonirradiated 
and irradiated groups: 30% and 56%, respec- 
tively. This difference is even more marked 
when comparing curative resections for T3N0 
disease. In the irradiated group, the 5-year ac- 
tuarial survival was 69%, including one opera- 
tive death. It should be stressed that the two 
groups were similar in all respects, and that 
adjuvant radiotherapy was used aczording to 
the surgeon’s preference. There was no statisti- 
cally significant difference in actuarial survival 
during the 5-year postoperative period between 
the irradiated and nonirradiated groups (p = 
0.1). This could be because of the smell number 
of observations involved. 

Radiotherapy seems to diminish the inci- 
dence of local recurrence. Among 12 irradiated 
operative survivors in our series, none de- 
veloped chest wall recurrence. In contrast, 
among 20 nonirradiated operative suzvivors, 6 
developed locally recurrent disease. 

As is generally recognized, nodal involve- 
ment portends an unfavorable prognosis. 
Geha and ass6ciates [2] reported only 1 five- 
year survivor among 5 patients undergoing 
combined pulmonary and chest wall resection. 
Mishina and colleagues [3] also reported 1 
five-year survivor among 10 patients with 
nodal involvement. These figures are somewhat 
lower than those generally reported for lung 
cancer [9]. However, they are consistent with 
our analysis. Only 1 of 6 patients with N1 dis- 
ease is alive two years after operation, and none 
of 4 patients with N2 disease is alive. 

There are several statements in the literature 
that our study does not support. Jamieson and 
co-workers [10] state that operative mortality 
and morbidity are lower with pneumonectomy 
than with lobectomy in this group. Lavenson 
and Serfas [11] have even suggested that 
pneumonectomy should be the procedure of 


choice when a combined resection is required. 
Our results are not consistent with these views. 
The operative mortality for pneumonectomy 
was 1 in 5 patients (20%), and there were no 
survivors among the patients who underwent 
pneumonectomy. This finding is in agreement 
with others [2, 3], and reflects either a larger 
tumor or more extensive nodal involvement. 

It has also been stated that en bloc resection is 
mandatory [2]. Our figures suggest this is not 
the case. Of 6 patients undergoing discontinu- 
ous resection, 3 are alive. In such patients, the 
adherence of the lung to the chest wall must not 
be overly solid or extensive; however, 2 of these 
survivors did have microscopic invasion of the 
intercostal muscle. Mishina and associates [3] 
correlate the depth of chest wall invasion with 
the prognosis. 

The majority of patients undergoing chest 
wall resection do not require a prosthetic chest 
wall support. However, large resections, espe- 
cially those in an anterior or lateral position 
outside the range of scapular cover, should be 
stabilized by means of a prosthesis. Many ma- 
terials have been used successfully [10, 12, 13]. 
Ramsey and Cliffton [12] reported a decrease in 
paradoxical motion, pneumonia, and scapular 
fixation in the thorax among their patients who 
received a prosthesis after chest wall and pul- 
monary resection. In our patients, Marlex mesh 
made no difference in the rate of atelectasis. 
The only two wound infections occurred in 
the absence of a prosthesis. Prosthetic materials 
are clearly of use in large defects. Our prefer- 
ence is to use Marlex mesh, as its pliability and 
ease of handling give it technical advantages. 
When the mesh is used in a double thickness 
with its fibers placed at 90° and under tension, 
almost complete resistance to stretching is ob- 
tained. Larger defects can be managed by us- 
ing a “sandwich” composed of Marlex and 
methylmethacrylate, as described by McCor- 
mack and associates [13]. 

Our 8.5% operative mortality is consistent 
with that reported previously for these resec- 
tions: 4% by Geha and colleagues [2], 9% by 
Grillo and associates [1], 15% by Ramsey and 
Cliffton [12], and 16% by Jamieson and as- 
sociates [10]. Respiratory failure was the major 
precipitating event in all our early deaths. 
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Our conclusions from this study are: 


1. Chest wall involvement by bronchogenic 
carcinoma does not imply a hopeless prog- 
nosis. 

2. Resection of the lung and chest wall can be 
done with acceptable mortality and morbid- 
ity. 

3. Large portions of the chest wall can be re- 
sected using autogenous tissue or prosthetic 
material for reconstruction. 

4, There is no difference in survival between en 
bloc resection and discontinuous resection. 

5. Nodal status is a strong prognostic indicator. 

6. The use of adjuvant radiotherapy is favora- 
ble for long-term survival and lack of local 
recurrence. 
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Discussion 

DR. NAEL MARTINI (New York, NY): I have had the 
privilege of reviewing the manuscripts of Dr. Piehler 
and colleagues and Dr. Patterson and associates. The 
points of agreement seem to be that chest wall in- 
volvement does not necessarily imply an incurable 
situation, that complete resection is possible in some 
patients and that long-term survival is obtainable, 
particularly if the regional nodes are not involved. 
Histology does not seem to influence survival except 
in oat cell carcinoma. Despite the peripheral location 
of the tumors, epidermoid carcinoma seems to be the 
predominant histology observed in this group of pa- 
tients. We agree that superior sulcus tumors do bet- 
ter and should be analyzed separately for survival. 

The paper of Dr. Piehler and his co-workers clearly 
addresses a purer group of patients since it excludes 
those having incomplete resections. En bloc resec- 
tion, the recommended technique, is preferred but 
cannot always be done. The goal must be complete 
excision of all diseased tissue, with the assurance of 
microscopically clear margins of resection. Local re- 
currence and survival are influenced by the com- 
pleteness of the resection. Even microscopic residual 
disease at the margins, so frequently a problem when 
extension to the spine is also present, adversely af- 
fects the survival. 

It is still unclear what the role of radiation should 
be in this group of patients. Although more local re- 
currence was observed by Dr. Patterson and his col- 
leagues in patients who did not receive external radi- 
ation, no patient has apparently died because of local 
recurrence; all of the patients who have died have 
had disseminated disease. 

We observed no impact on survival with the use 
of preoperative or postoperative radiation therapy, 
particularly in patients with complete resection and 
no lymphatic metastasis. In the recent past, we ir- 
radiated 5 patients who had microscopic disease at 
the margins of resection despite complete excision of 
the entire gross tumor. None of these patients had 
lymphatic metastases, but all 5 have subsequently 
died. Three had massive local recurrences, despite ir- 
radiation. Moreover, involvement of the regional 
lymph nodes clearly poses a major prognostic risk, 
since only an occasional patient with N1 or N2 dis- 
ease lives 3 or more years. 
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There seems to be a particular tendency on the part 
of both studies to confine skeletal reccnstruction to 
autologous tissue. We have converted to the routine 
use of Marlex mesh for skeletal reconstruction in 
nearly all our patients. The mesh is easy to apply and 
readily available, and it rarely causes infection that 
might warrant its removal. 

Finally, it is unclear from both studies how many 
patients had histological invasion of only the parietal 
pleura. In our experience, patients with. only parietal 
pleural involvement do better than patients with 
pleural as well as skeletal and bone disease. We be- 
lieve that the extent of tumor involvement and the 
completeness of the resection are the main determi- 
nants of survival in this group of patients. 


DR. MARCUS L. DILLON (Lexington, KY): We have 
been studying the effect of randomized postopera- 
tive radiation in our stage I and JI cancer patients. 
The local recurrence rate has been very good in ir- 
radiated patients. However, the distant metastatic 
rate in these patients is 25%, which is high compared 
with the local recurrence rate of 2%. The opposite is 
true in the nonirradiated patients. Although nothing 


- is proved statistically because the number of patients 


is too small, we believe that irradiation may im- 
munosuppress these patients, so that they tend to 
break out with distant metastases. Have you ob- 
served this phenomenon? , 


DR. SALEM M, SAYEGH (New Orleans, LA): If irradia- 
tion is of value in these patients, would Dr. Patterson 
and his associates prefer preoperative irradiation, 
since the radiation affects only the lobe that is to be 
removed? With postoperative irradiation, the radia- 
tion affects the remaining lobes, and postoperative or 
radiation pneumonitis may result. 


DR. ALLEN J. TOGUT (Brockton, MA): Is there any ex- 
perience with preoperative chemotherapy in these 
chest wall lesions? 


DR. RAYMOND DIETER (Glen Ellyn, IL): I would like to 
ask Dr. Patterson if he has any opinion as to why the 
cell type of the tumors did not make any difference in 
the results. 


DR. PATTERSON: We would like to thank Dr. Martini 
for his comments. I think everyone recognizes his 
group as a leader in the field of chest wall resection 
for cancer. Since most of our resections were poste- 
rior and seemed to be adequately covered by the 
scapula, we did not use Marlex mesh as often as Dr. 
Martini’s group does. 

Regarding his points about locally recurring dis- 
ease and survival, all of the patients who developed 
locally recurring disease in our group subsequently 
developed disseminated disease and died. None of 
the survivors have locally recurrent disease. 

Concerning Dr. Dillon’s comments, we are not 
certain where his radiation site was. The only 
mediastinal radiation given in our series was to those 
patients who had N2 lesions. 

In response to Dr. Sayegh, I think we would ir- 
radiate a patient preoperatively if we knew for cer- 
tain that the chest wall was involved, but I think 
in many instances one is not certain whether 


' there is chest wall involvement prior to the thora- 


cotomy. 

Dr. Togut, we did not use chemotherapy in any of 
our patients as part of their initial management. 
Needless to say, however, many of these patients 
who developed subsequent disseminated disease 
did undergo a course of chemotherapy. 

Dr. Dieter, we did not look at the influence of cell 
type in this series because of the preponderance of 
squamous cell tumors with the scattered appearance 
of a few other types. . 

We very much appreciated listening to’ the report 
of Dr. Piehler and his colleagues, and I think that 
their statement of the purpose of their paper is es- 
sentially the same as ours. However, we also feel 
strongly that radiotherapy is of benefit. 


CASE REPORTS 


Severe Supravalvular Aortic Stenosis: Successful 
Surgical Correction by Extended Aortoplasty 


Joseph M. Graham, M.D., Gerald M. Lawrie, M.D., 
M. Eid Fawzy, M.D., and Michael E. DeBakey, M.D. 


ABSTRACT Surgical treatment of severe discrete 
supravalvular aortic stenosis by placement of a patch 
graft across the narrowed area of aorta at one point 
has been associated with a substantial incidence of 
residual stenosis. Successful relief of a severe 
stenosis was achieved by a modification of a previ- 
ously reported technique in which the stenotic area 
is expanded at two points. Use of this technique 
should be considered in cases of severe discrete su- 
pravalvular aortic stenosis. 


Surgical repair of discrete supravalvular aortic 
stenosis by placement of a patch graft across the 
narrowed area of aorta was first described in 
1961 [1, 2], and its use has produced improve- 
ment or relief of the stenosis in many patients. 
This limited asymmetrical approach, however, 
has led to incomplete relief of ventricular out- 
flow obstruction in some patients. In 1977, Doty 
and associates [3] reported results of a tech- 
nique of “extended aortoplasty” that was de- 
signed to minimize postoperative gradients. 
We describe the successful use of a slightly 
modified form of this technique in a young man 
with severe supravalvular aortic stenosis. 


An 18-year-old Saudi man was referred for 
evaluation of progressive dyspnea on exertion 
and a heart murmur. He had no history of 
rheumatic fever. A cardiac murmur had been 
diagnosed at the age of 6 years. Progressive ex- 
ertional dyspnea had developed over the past 
six years. Although a history of poor school 
performance and possible mild mental retarda- 
tion was present, characteristics of elfin facies 
were lacking. Positive physical findings in- 
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cluded a laterally displaced and sustained left 
ventricular impulse with a palpable thrill. Aus- 
cultation over the aortic area revealed a grade 
4/6 systolic ejection murmur transmitted to the 
neck. There was no ejection click. The elec- 
trocardiogram demonstrated sinus rhythm and 
left ventricular hypertrophy. The chest ro- 
entgenogram was compatible with left ven- 
tricular enlargement. All laboratory values, in- 
cluding the serum calcium level, were normal. 
Cardiac catheterization revealed a severe su- 
pravalvular aortic stenosis, with a peak systolic 
gradient of 100 mm Hg at rest and elevation to 
140 mm Hg after mild exercise, at a pulse rate of 
120 beats per minute. The calculated aortic 
valve area was 0.69 cm’, the cardiac output was 
7.5 L/min, and cardiac index was 4.2 L/min/m?. 
Left ventricular and aortic root angiograms 
confirmed the presence of a severe discrete su- 
pravalvular narrowing just above the level of 
the coronary ostia (Fig 1). The coronary arteries 
were markedly dilated. The aortic valve was 
competent. 

At operation, narrowing of the ascending 
aorta was apparent at the level of the superior 
margin of the aortic sinuses. The aorta distal to 
the narrowing was moderately dilated. Total 
cardiopulmonary bypass was instituted and the 
distal ascending aorta cross-clamped. The heart 
was arrested and cooled with cold cardioplegic 
solution and topical cold saline. 

A transverse aortotomy was made anteriorly, 
well above the level of the constriction (Fig 2). 
Following identification of the coronary ostia 
below the stenotic segment, the aortotomy was 
carried downward on the right side through the 
middle of the noncoronary sinus to just above 
the level of the aortic annulus. On the left side 
the incision was carried into the right coronary 
sinus, closer to the commissure between the left 
coronary and right coronary leaflets than to the 
right coronary artery. ostium. The incision thus 
resembled an inverted U. The aortic narrowing 
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Fig 1. Angiographic appearance of severe supravalvular 
stenosis at the level of the coronary ostia. 
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Fig 2. Site of the aortotomy (left), demonstrating the in- 


cisions into both the noncoronary and right coronary 
sinuses. The aortic narrowing and accompanying fi- 
brous ring have been divided at two separate points 


(right). 


and accompanying fibrous ring were therefore 
divided at two separate and opposite points 
(see Fig 2). 

A pantaloon-shaped patch was fashioned 
from a sheet of woven Dacron and sutured into 





Fig 3. Shape of the woven Dacron patch (left). Com- 
pleted aortoplasty (right) allows maximum circumferen- 
tial enlargement of the aorta at two points of the con- 
striction. 


the aortotomy with a running 3-0 Tycron suture 
(Fig 3). The wider limb portions of the graft al- 
lowed maximum circumferential enlargement 
of the aorta at two points within the constric- 
tion. A large amount of anterior aortic wall sur- 
rounding the right coronary ostium was also 
preserved for patch placement. The narrow 
waist of the patch allowed for minimal distor- 
tion or bulging of the aorta anterior and distal 
to the plane of constriction. 

All air was vented from the aorta and left 
ventricle, and the aortic clamp was removed. 
The ischemia time was 30 minutes. The patient 
was weaned from cardiopulmonary bypass 
without difficulty, and postoperative recovery 
was uneventful. Auscultation of the chest post- 
operatively revealed absence of the cardiac 
murmur. 

Follow-up cardiac catheterization 12 days 
after operation revealed a peak systolic gradient 
of 10 mm Hg at rest at a pulse rate of 90 beats 
per minute, and elevation to 20 mm Hg with 
increase of the heart rate to 120 beats per min- 
ute. Left ventriculography and aortography 
demonstrated a marked increase in diameter of 
the proximal ascending aorta (Fig 4). There was 
minimal aortic insufficiency. Selective coronary 
angiography revealed no abnormality of the 
origins of the right or left coronary arteries. 
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Fig 4. Postoperative left ventriculogram and aortogram 
demonstrating restoration of normal caliber of the 
proximal ascending aorta. 


Comment 

Of the three anatomical types of supravalvular 
aortic stenosis, the most common is the discrete 
or hourglass deformity [4]. This lesion is pro- 
duced by a constricting annular ridge of thick- 
ened, disorganized aortic media superior to the 
sinuses of Valsalva. The severity of this form of 
supravalvular aortic stenosis may vary consid- 
erably. 

In some patients who have lesser degrees of 
narrowing, enlargement may be achieved by 
insertion of a single patch or strip of Dacron 
into the coronary sinus. However, postopera- 
tive residual gradients of 30 to 40 mm Hg are 
common [5-9]; indeed, gradients of up to 70 
mm Hg have been reported [3]. Furthermore, in 
many patients with severe constriction, the 
normal relationship of the aortic valve cusps 
and coronary ostia is grossly distorted. As 
pointed out by Doty and his colleagues [3], ex- 
cessive widening of the aorta at any one point 
may lead to aortic insufficiency due to asym- 
metrical displacement of one pair of commis- 
sures and, at the same time, may fail to correct 
the crowding of the other commissures, causing 
a residual gradient. Therefore, there may be 


unavoidable complications with the single- 
point enlargement technique. 

On the other hand, when the aorta is to be 
widened at two points on its circumference, a 
lesser degree of widening is required at each 
point than would be required at a single point. 
Additionally, the normal relationship of the 
aortic commissures is restored in two of the 
three sinuses. Further aortic widening is pro- 
duced by forward displacement of the anterior 
flap of aortic wall, which carries with it a seg- 
ment of the constricting ring. 

The six patients reported on by Doty and as- 
sociates [3], who underwent extended aorto- 
plasty for the severe discrete or hourglass type 
deformity, were observed to have intraopera- 
tive residual gradients of 0 to only 25 mm Hg. 
The result obtained in the patient presented 
here provides further evidence for the validity 
of the principle of symmetrical expansion of the 
stenotic aorta with severe supravalvular type 
aortic stenosis, to ensure sufficient enlargement 
of the ascending aorta that will result in a 
minimal aortic gradient and preservation of 
aortic valve function. 

Thus, the fundamental principle of the pro- 
cedure described by Doty and co-workers is 
supported. Our technique, however, differs 
from theirs in two respects, which we consider 
improvements. First, the initial aortotomy is 
made transversely well above the level of the 
constriction. The two vertical limbs of the aor- 
totomy are then carried downward into the 
right and noncoronary sinuses. Thus, the aor- 
totomy does not produce a pointed apex, which 
requires trimming, on the flap carrying the 
right coronary artery. (Compare Doty and as- 
sociates’ [3] Figure 2 with Figures 2 and 3 in 
this article.) The second difference is that 
a pantaloon-shaped patch cut from a sheet of 
woven Dacron is used for the repair. We believe 
that the broad-based “trouser legs” are more 
likely to produce adequate widening of the 
sinus of Valsalva incisions than the sharply 
pointed, finely tapering patch illustrated by 
Doty and colleagues (in their Figures 4 to 6) [3]. 
This may be especially important when the 
stenosis lies at a low level as it did in our pa- 
tient, in whom maximum widening was re- 
quired at the level of the coronary ostia. 
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Acute Carcinoid Syndrome: 


A Complication of Flexible Fiberoptic Bronchoscopy 


Muthiah Sukumaran, M.D., Zelda S. Wilkinson, M.D., 


and Lynn Christianson, M.D. 


ABSTRACT We report the case of a patient with 
functioning bronchial carcinoid tumor found as a 
solitary nodule. Acute carcinoid syndrome de- 
veloped during transbronchial biopsy, and life- 
threatening hypotension occurred during operation. 
We emphasize that carcinoid tumors should be con- 
sidered in the differential diagnosis of solitary 
nodules, and such a complication should be kept in 
mind when endobronchial or transbronchial biopsy 
is performed. 


Hormone production by bronchial tumors has 
been recognized increasingly in recent years. 
The neoplasm most commonly reported as a 
cause of hormonal syndromes is small cell car- 
cinoma of lung. Less commonly, bronchial 
adenomas produce hormonal disorders— 
particularly carcinoid syndrome [1] and Cush- 
ing’s syndrome [2]. We report the case of a pa- 
tient with a bronchial carcinoid producing 
serotonin and adrenocorticotropic hormone 
(ACTH). Life-threatening complications de- 
veloped during flexible fiberoptic bronchos- 
copy and during operation. 


A 39-year-old woman was admitted to Beekman 
Downtown Hospital in March, 1979, for evalu- 
ation of generalized weakness, a weight gain of 
9 kg, insomnia, and pounding headaches 
during the previous six months. She did not 
smoke and was known to have a nodule in the 
right lung field, present for at least a year previ- 
ous to this admission. Because of concomitant 
purified protein derivative conversion, she had 
been started on a regimen of isoniazid at that 
time. 
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On physical examination it appeared that the 
patient had Cushing’s syndrome. Blood pres- 
sure was 120/80 mm Hg, and pulse rate was 74 
beats per minute. Serum potassium was 2.2 
mEq, and carbon dioxide was 34 mEq. A chest 
roentgenogram revealed a well-delineated le- 
sion, 1.6 cm in diameter, with some irregularity 
of the upper pole and no discernible calcifica- 
tions (Fig 1). Intravenous pyelogram showed no 
renal or suprarenal abnormality. Skull roent- 
genograms showed a normal pituitary fossa. 
Endocrinological workup revealed normal 
levels of aldosterone, vanillylmandelic acid, 
and catecholamines in the urine; however, the 
urine levels of 17-ketosteroids, 17-hydroxyste- 
roid, 5-hydroxyindoleacetic acid were elevated, 
as were plasma cortisol and ACTH (Table). 
An overnight dexamethasone suppression test 
showed no suppression of cortisol and its 
metabolites. 

Flexible fiberoptic bronchoscopy was per- 
formed under local anesthesia. The patient was 
premedicated with 0.4 mg of atropine, 50 mg of 
Vistaril (hydronyzine hydrochloride), and 50 
mg of Demerol (meperidine hydrochloride) in- 
tramuscularly 15 minutes before the procedure. 
The orifice of the medial basal segment of the 
right lower lobe was narrow, and the mucosa 
appeared pale. With fluoroscopic control, the 
forceps was advanced into the medial basal 
segment, and transbronchial biopsy of the le- 
sion was attempted. As the biopsy specimen 
was taken, marked facial flushing, diaphoresis, 
and a blood pressure of 200/120 mm Hg with a 
pulse rate of 180 beats per minute developed 
suddenly. The forceps was withdrawn, and the 
symptoms subsided within a few minutes. A 
second attempt at biopsy was made, but was 
accompanied by similar manifestations. The 
procedure was terminated, and the patient's 
symptoms resolved spontaneously within 45 
minutes. 

Bronchial washings showed nonspecific in- 
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Fig 1. Posteroanterior view showing the nodule in the 
right lower lobe. 


d 


flammatory changes with mild atypia. Meta- 
static workup was negative. In view of the re- 
cent increase in size of the lesion, it was elected 
to do a right lower lobe lobectomy. 

The patient was prepared for the operation 
with Periactin (cyproheptadine), 4 mg three 
times a day for two days, hydration, and in- 
travenously administered hydrocortisone, 200 
mg every eight hours the day before operation. 
She was premedicated with 0.4 mg of atropine, 
25 mg of Vistaril, and 50 mg of Demerol in- 
tramuscularly. Anesthesia was induced and 
maintained with inhaled nitrous oxide and 
methoxyflurane. Intravenous administration of 


Results of Endocrinological Workup 


hydrocortisone, 500 mg in 500 ml of dextrose, 
was given throughout the procedure. Aprotinin 
(Trasylol) was available in the operating room. 

As the artery and vein supplying the right 
lower lobe were ligated, the patient’s blood 
pressure abruptly dropped to 40 mm Hg, and 
the pulse rate to 35 beats per minute. She 
responded to 0.4 mg of atropine and 1 gm 
of methylprednisolone administered intrave- 
nously. Right lower lobe lobectomy was then 
completed. The postoperative course was un- 
eventful. 

The resected specimen showed a solitary, en- 
capsulated nodule, 1.6 cm in diameter. Cyto- 
plasmic granules demonstrated with silver 
methenamine stain were consistent with the 
diagnosis of bronchial carcinoid (Fig 2). No 
lymphatic metastases were noted. Electron mi- 
croscopy, tumor assay, and immunopathological 
assays [3] were not performed because our in- 
stitution does not have these facilities. 

Postoperatively, the patient’s plasma levels of 
cortisol and ACTH, and urine levels of 17- 
ketosteroids, 17-hydroxysteroid, and 5-hy- 
droxyindoleacetic acid returned to normal (see 
Table). Thirty-six months after discharge from 
the hospital, the patient is well and asymp- 
tomatic. 


Comment 

Bronchial carcinoid tumors have been asso- 
ciated with various hormonal disorders, most 
commonly the production of serotonin and its 
derivatives, and ACTH [4]. The combination of 
serotonin and ACTH production by a carcinoid 
tumor is extremely rare; only two such cases are 








Test Preop Postop Normal Range 
Urine 17-hydroxysteroid (mg/24 hr) 22.0 4.1 2-10 

Urine 17-ketosteroid (mg/24 hr) 36.7 15.0 15-16 

Plasma cortisol (ug/dl) 62 20 5-25 

Plasma ACTH (pg/ml) 222 14 10-50 

Urine 5-hydroxyindoleacetic acid (mg/24 hr) 48.0 12.0 16 

Urine aldosterone (yg/24 hr) 4.6 or 3-19 

Urine VMA (mg/24 hr) 1.2 1:8 0.7-6.8 

Urine catecholamines (ug/24 hr) < 100 < 100 < 100 





ACTH = adrenocorticotropic hormone; VMA = vanillylmandelic acid. 
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Fig 2. Cytoplasmic granules (secretory penne in the 
tumor. (Silver methenamine; X400.) 


available in the literature. Our patient had both 
laboratory and clinical evidence of serotonin 
and ACTH production. 

Bronchial carcinoid tumors are usually en- 
dobronchial in location, presenting as recurrent 
atelectasis, pneumonitis, and bleeding [5]. 
Bleeding frequently occurs during surgical ma- 
nipulation, due to excessive vascularity [5]. In 
general, functioning carcinoid tumors pre- 
sent difficulties during anesthesia, such as hy- 
perkinetic cardiovascular attacks, tachycardia, 
arterial hypertension due to serotonin release, 
and bronchospasm and hypotension due to 
bradykinin release [6]. Precipitating factors in- 
clude premedication with agents such as mor- 
phine [7], laryngeal stimulation, surgical ma- 
nipulation, and hypotension [8]. 

Our patient had no clinical manifestation of 
carcinoid syndrome, and the laboratory results 
were unavailable prior to flexible fiberop- 
tic bronchoscopy. Flushing, tachycardia, and 
hypertension consistent with acute carcinoid 


syndrome developed when a biopsy was at- 
tempted from the lesion. The disappearance of 
the signs and symptoms soon after withdrawal 
of the forceps, and the reappearance of the syn- 
drome when the biopsy was attempted once 
again confirmed the impression. Pneumochro- 
mocytoma was considered but was ruled out in 
view of the normal results of laboratory tests 
(see the Table). 

Severe hypotension developed during oper- 
ation, but it responded immediately to mas- 
sive doses of corticosteroids. We believe this 
hypotension was due to sudden withdrawal 
of ACTH, as the response to steroids was 
immediate. Life-threatening hypotension oc- 
curred despite continuous intravenous drip of 
hydrocortisone. Massive release of bradykinin 
causing hypotension known as vasoparetic hy- 
povolemic shock (sometimes responding to 
large amounts of intravenous administration of 
fluids and aprotinin [7]) can also occur in pa- 
tients with carcinoid tumor. 

Great caution must be taken for patients with 
functioning carcinoid tumors during operation. 
Anesthetic agents with a tendency to cause 
hypotension, such as halothane, or a method 
such as spinal or epidural anesthesia might be 
contraindicated [8]. Premedication with agents 
such as morphine that are known to stimulate 
release of serotonin or histamine, should be 
avoided [9]. Once the syndrome occurs, treat- 
ment is difficult. Steroids, aprotinin, and meth- 
otrimeprazine have been considered helpful 
in the management of patients with carcinoid 
syndrome during anesthesia [9]. We empha- 
size that the possibility of acute carcinoid 
syndrome and other hormonal syndromes 
should be kept in mind while endobronchial 
or transbronchial biopsy is performed in pa- 
tients suspected of harboring this tumor. 


We acknowledge the help of Miss Donna Giambalvo 
in preparing this manuscript. 
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Extrinsic Compression by a False Aneurysm 


Thomas A. Orszulak, M.D., 
and John H. Tinker, M.D. 


ABSTRACT A false aneurysm compressing an as- 
cending aortic composite valved graft, leading to 
disc interference and aortic insufficiency with con- 
gestive heart failure, was successfully repaired. An 
alternative method of constructing the distal anas- 
tomosis that would obviate this problem is de- 
scribed. 


Malfunction of mechanical prosthetic valves 
from various causes has been documented 
[1-8]. There may be diverse presentations of 
stenosis, insufficiency, or both. Frequently, 
thrombosis initiates the event. Because of 
prosthetic design, interference by sutures or 
chordae may cause jamming due to the low 
clearance between the disc and the housing [1, 
3,7, 8]. We report intermittent malfunction of a 
Bjork-Shiley aortic valve prosthesis caused by a 
false aneurysm compressing a composite valved 
graft, leading to disc interference and aortic in- 
sufficiency with congestive heart failure. The 
false aneurysm is believed to be a result of 
limitation in the technique for repair of com- 
bined aortic valve disease and ascending aortic 
aneurysm. 


A 55-year-old hypertensive man had previ- 
ously undergone aortic valve replacement for 
aortic insufficiency and resection of an as- 
cending aortic aneurysm secondary to cystic 
medial necrosis. Initial repair was accom- 
plished with a composite valved graft and di- 
rect reimplantation of coronary ostia into the 
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side of the graft. The patient was dismissed in 
sinus rhythm on the tenth postoperative day. 
He did well for approximately one year, but 
then was seen with complaints of recent 
pressure-like chest discomfort, shortness of 
breath, and an irregular palpitating heartbeat. 
Examination demonstrated irregular and scant 
prosthetic valve sounds and, when valve 
sounds were absent, aortic insufficiency was 
present. He was transferred to the Mayo Clinic 
with a diagnosis of malfunctioning prosthetic 
valve. 

On admission, auscultation of the heart dem- 
onstrated a deficit of prosthetic valve sounds 
when compared to apical thrust and peripheral 
pulse. When the prosthetic sounds were inau- 
dible, again, aortic insufficiency was present. 
The patient was in congestive heart failure 
clinically and radiographically (Fig 1). Fluoros- 
copy confirmed that the aortic valve disc re- 
mained stationary and open during most car- 
diac cycles, with occasional closure. During 
emergency operation on March 9, 1981, sec- 
ondary sternotomy identified a 15 cm false 
aneurysm of the distal aortic graft anastomosis 
posterolaterally, causing graft compression and 
wedging of the prosthetic disc in the open po- 
sition. The prosthetic valve was completely free 
of thrombus and foreign material. The aneu- 
rysm was resected, and the aortic anastomosis 
was reconstructed with laminating, reinforcing 
Teflon strips. After the patient emerged from 
bypass, 
by pulmonary capillary wedge pressures re- 
turning toward normal (10 to 15 mm Hg) from 
prebypass levels of 30 to 35 mm Hg, measured 
after induction of anesthesia with 1 mg of 
morphine sulfate per kilogram of body weight, 
with controlled ventilation (FtO. = 1.0). The 
patient did well and was dismissed on the 
ninth postoperative day. 


functional improvement was shown 
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Fig 1. Roentgenogram of chest at admission for mal- 
functioning aortic prosthetic valve. 


Comment 

Operative treatment for aortic insufficiency due 
to annuloaortic ectasia or cystic medial necrosis 
is well known [9-11]. Technical advances origi- 
nally described by Bentall and De Bono [10] for 
surgical replacement of the aortic valve and as- 
cending aorta as a composite have reduced dif- 
ficulties inherent in this operation. Construc- 
tion of the composite valved graft places the 
sewing skirt of the valve outside the conduit, 
thereby eliminating strands of sutures as one 
cause of valve malfunction [1, 8]. Of concern 
with the Bjork-Shiley prosthesis are reports of 
sudden thrombosis in patients apparently in- 
adequately anticoagulated [3-7]. Our patient's 
dose of warfarin had been altered, and throm- 
botic interference with prosthetic action was 
suspected. 

Comparison of admission and prior radio- 
graphs demonstrated moderate widening of the 
mediastinum at the level of the ascending aorta, 
but the diagnosis of false aneurysm could not 
have been made without angiography (see Fig 
1). The patient was critically ill and was im- 
mediately transferred to the operating room. 
The original method of aortic-graft anastomosis 
in this report, as described by Bentall and De 
Bono [10], utilized a running suture within the 
aneurysm and subsequent wrapping of the 
aneurysm sac about the graft. Advocates of this 
method cite as advantageous the containment 


of bleeding through the interstices of the graft 
until normal coagulation returns [11]. Bahnson 
[12], in discussing McCready and Pluth’s work 
[11], challenged this method, pointing out that 
this may merely conceal severe bleeding. The 
present and other reports [12, 13] lend support 
to this premise of the development of a false 
aneurysm at the distal anastomosis. Crosby and 
associates [14] reported supravalvular aortic 
stenosis caused by compression of the ascend- 
ing aorta by a false aneurysm. The patient in the 
current report was seen with congestive heart 
failure and intermittent severe aortic insuffi- 
ciency, and the presence of associated supra- 
valvular stenosis was unknown. 

The appearance of such false aneurysms can- 
not be accurately predicted. Examination of 
chest radiographs in this report implies delayed 
expansion of the aneurysm after the initial op- 
eration, but its date of conception cannot be 
determined. Recent information emphasizes 
hypertension in aneurysm formation [15, 16], 
both primary and delayed. This directs atten- 
tion to the anastomosis rather than to the wrap. 
In the standard technique, anastomosis with a 
single running suture can leave small intimal 
tears, especially in the aortic wall that is thin or 
abnormal (or both) and which, when stressed 
by hypertension, can progress to dissection or 
false aneurysm formation. The combined fac- 
tors of hypertension and cystic medial necrosis 
should perhaps alter the method of aortic-graft 
anastomosis, because the development of a 
false aneurysm without infection is a technical 
complication. 

In the present case, an alternative method 
applicable in any tenuous situation involving 
the aorta, such as cystic medial necrosis, dis- 
section, or both, was used in the reconstruction 
of the distal anastomosis and is recommended 
for primary resection of ascending aortic an- 
eurysms. The technique has been previously 
described [16, 17] and involves complete tran- 
section of the aorta. The aortic stump is then 
laminated with Teflon strips (Fig 2). Teflon is 
placed circumferentially inside and outside the 
thinned aorta. The Teflon strips and aorta are 
sutured together with running horizontal mat- 
tress monofilament. The prosthetic graft is then 
sutured to this laminate, proximal to the mat- 
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Fig 2. Reconstruction of aortic-graft anastomosis. Left 
and center, lamination of aorta with felt strips and 
horizontal mattress monofilament; right, suture graft to 
full-thickness laminate. 


tress suture, with running monofilament. In 
aortic dissections, an additional layer of Teflon 
is placed between the aortic flaps before the 
horizontal mattress suturing. This maneuver 
provides a reinforced aortic wall for a more 
hemostatic suture line and, in dissection, oblit- 
erates the false lumen. 

Although the incidence of false aneurysm 
formation in patients requiring ascending aor- 
tic replacement is small, subsequent repair car- 
ries a notable risk. Modern low-porosity grafts, 
with or without additional preclotting treat- 
ment, reduce bleeding across the graft suffi- 
ciently that wrapping seems unnecessary with 
intact suture lines. Presently, we use the 
Bjoérk-Shiley composite graft, but we have al- 
tered Bentall and De Bono’s [10] technique of 
anastomosis. t 

We conclude that, although this patient's 
false aneurysm was not necessarily the result of 
aortic wrapping, the presence of the wrapping 
obscured the recognition of major suture line 


bleeding at the initial operation and sub- 
sequently allowed the false aneurysm to com- 
press the conduit and render the valve non- 
functional. 
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HOW TO DO IT 


An Improved de Vega Tricuspid Annuloplasty 


Eisaburo Imamura, M.D., Hitoshi Ohteki, M.D., 


and Hitoshi Koyanagi, M.D. 


ABSTRACT Constricting the tricuspid annulus to 
an optimal size and ensuring competency of the su- 
ture in situ are essential to the performance of a suc- 
cessful de Vega annuloplasty. An approach to this 
goal is presented. Important maneuvers include 
placement of the inside suture just on the ring por- 
tion, use of a 33 mm or 35 mm valve obturator to 
obtain an annulus of the desired size, and ligation of 
the knots at their roots to prevent potential loosen- 
ing. 


Moderate-to-severe tricuspid regurgitation re- 
quires surgical treatment. In general, annulo- 
plasty is the technique of choice if there is an 
enlarged tricuspid annulus and the valvular tis- 
sues remain virtually normal. Valve replace- 
ment is advised only when the valvular tissues 
are damaged or the annuloplasty is unsuccess- 
ful. A variety of annuloplasty procedures have 
been advocated [1-5]. The de Vega technique 
introduced by Rabago and associates [1] is now 
preferred at many centers because it can be 
performed rapidly, and because it maintains 
the natural tricuspid architecture, eliminates 


insertion of foreign materials, and produces no | 


atrioventricular block. Like other annuloplasty 
procedures, however, the de Vega technique 
presents the problems of (1) determining extent 
to which the annulus should be constricted, 
since unnecessary narrowing results in tricus- 
pid stenosis, and (2) figuring out how to pre- 
vent late suture insufficiency, for the constrict- 
ing suture must be kept in its proper place at 
least until the increased right-heart pressures 
and the chamber dilatation return to normal 
following repair of the associated left-sided 
heart lesions. This article offers an approach to 
the solution of these problems. 
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Technique and Results 

A buttressed Teflon stitch and a double 25 mm 
needle are used to make a semicircular purse- 
string suture. As the Figure illustrates, the in- 
side suture should be placed as precisely as 
possible on the ring portion of the tricuspid 
valve. The outside suture is placed on the atrial 
wall, parallel to and approximately 2 mm apart 
from the inside suture. A tiny piece of Teflon is 
used as a pledget at the end of the sutures. 

A valve obturator with a diameter of either 33 
or 35 mm is inserted into the tricuspid orifice. 
The suture is tied until the orifice has been re- 
duced to the same size as that of the obturator 
inserted. After seven or eight knots have been 
made, a silk suture is ligated to the root of the 
knots to prevent them from loosening. 

This technique has been applied to 35 pa- 
tients over the past two years at our institute. 
No operative deaths occurred, and follow-up 
has shown that all patients are doing well. 
Hemodynamics were evaluated selectively in 14 
of these patients between one and three months 
postoperatively. Tables 1 and 2 list the perti- 
nent data. 


Comment 

The optimum size for the constricted annulus in 
tricuspid annuloplasty remains somewhat con- 
troversial. Initially, we placed two fingers 
across the annulus while the suture was being 
tied, as proposed by other authors [1-3, 5, 6]. 
This maneuver was found to yield uncertain 
constriction of the annulus; the orifice was too 
large in some instances and too small in others. 
Valve obturators, on the other hand, have 
proven effective in obtaining an annulus of 
the desired size. 

The average circumference of the tricuspid 
valve is 11 to 13 cm in normal individuals [7], 
but the actual tricuspid orifice is triangular, not 
circular. Assuming that it were of circular 
shape, its diameter would be 3.5 to 4.1 cm. 
Likewise, since the circumference of the mitral 
valve is 9 to 11 cm, its quasi-diameter should be 
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The improved de Vega tricuspid annuloplasty: (A) Dou- 
ble intermittent sutures are placed along tke tricuspid 
annulus. The inside suture should ideally be situated 
just on the ring portion. (A = anterior leaflet; P = 
posterior leaflet; S = septal leaflet; CS = coronary 
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sinus.) (B) With a valve obturator placed in the tricus- 
pid orifice, the sutures are tied off. (C) When tying of - 
the sutures has been completed, the valve obturator is 
removed from the orifice. The inset shows the knots of 
the threads being ligated. 


Table 1. Clinical Characteristics of 14 Patients Treated with Improved de Vega Tricuspid Annuloplasty 





Tricuspid 
Patient Tissue Constricted Regurgitation 
No., Age Associated Annulus Annulus 
(yr), Sex Valve Operation Diameter (mm) Diameter (mm) Preop. Postop. 
1.50, M AVR (St. Jude) 29 35 Severe Mild 
2. 53, M MVR (Bjérk-Shiley) 27 33 Moderate Mild 
3. 31, F MVR (St. Jude); 29 35 Moderate Trivial 
AVP 
4, 43, F MVR (Omniscience) 29 35 Moderate Trivial 
5. 46, F MVR (St. Jude) 31 35 Severe Mild 
6. 39, F MVR (St. Jude) 25 33 Moderate Trivial 
7.57,M MVR (St. Jude) 31 33 Moderate Trivial 
8. 59, M MVR (St. Jude); 29 35 Severe Mild 
AVR (St. Jude) 21 
9. 39, F MVR (St. Jude) 31 35 Moderate Trivial 
10. 50, M MVR (St. Jude) 29 35 Moderate Mild 
11. 54, F MVR (Omniscience) 29 31 Moderate Mild 
12. 58, F MVR (Omniscience) 31 33 Severe Mild 
13. 47, F MVR (St. Jude) 27 33 Moderate Trivial 
14. 40,M MVR (Björk-Shiley) 29 35 Severe Trivial 
MVR = mitral valve replacement; AVR = aortic valve replacement; AVP = aortic valvuloplasty. 
Table 2. Preoperative and Postoperative Hemodynamic Data? 
Mean Mean RAP 
Patient CI PCWP? PAP’ RVEDP (V wave) CTR 
No. (Limin/m?) (mm Hg) (mm Hg) (mm Hg) (mm Hg) (%) 
1 (2.2) (25) (46) (9) (12) (66) 
2.4 8 24 5 6 56 
2 (2.3) (17) (21) (9) (14) (58) 
3.0 14 20 4 7 55 
3 (2.0) (30) (47) (10) (7) (56) 
2.9 4 13 4 4 57 
4 (2.4) (16) (18) (6) (7) (64) 
2.7 10 16 5 8 52 
5 (2.0) (22) (31) (14) (18) (78) 
2.7 13 20 8 10 69 
6 (2.9) (22) (27) (5) (6) (54) 
3.8 3 12 4 3 49 
7 (2.6) (17) (25) (6) (10) (63) 
3.0 14 22 6 8 53 
8 (2.1) (32) (42) (13) (18) (73) 
2.61 11 20 6 10 67 
9 (2.5) (19) (17) (6) (8) (64) 
3.2 7 14 5 7 52 
10 (1.9) (18) (20) (7) (10) (60) 
3.1 15 19 7 > 8 54 
11 (2.0) (17) (22) (6) (10) (65) 
2.9 10 22 6 9 66 
12 (2.2) (22) (42) (10) (18) (76) 
3.3 14 23 6 10 68 
13 (2.0) (29) (30) (8) (13) (65) 
2.3 9 20 0 8 59 
14 (1.7) (22) (28) (13) (18) (64) 
3.0 7 16 5 6 56 
Mean Total (2.20) (21.3) (29.7) (8.7) (12.1) (64.7) 
2.92 9.4 18.6 5.5 7.4 58.1 





"Preoperative values are given in parentheses. 
>Values shown are means for each patient. 


CI = cardiac index; PCWP = pulmonary capillary wedge pressure; RVEDP = right ventricular end-diastolic pressure; 
RAP = right atrial pressure; CTR = cardiothoracic ratio. 
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2.9 to 3.5 cm. In general, a 33 mm obturator 
should be used in patients having moderately 
dilated annuli; a 35 mm obturator seems an ap- 
propriate choice for those who have extremely 
dilated annuli or in whom a large mitral pros- 
thesis has been inserted. 

Experience indicates that the most common 
cause of late suture insufficiency associated 
with annuloplasty is the dehiscence of a part of 
the intermittent suture from the atrial wall as a 
consequence of tissue disruption. Rabago and 
colleagues [1] and Grondin and associates [3] 
have also emphasized the need to place the in- 
side suture on the annulus tissue. Ligation of 
the knots at their roots may provide an addi- 
tional aid in preventing late suture complica- 
tions. 
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Closure of the Right Atrioventricular Valve in 
the Modified Fontan Operation for Univentricular Heart 


L. Núñez, M.D., M. Gil Aguado, M.D., D. Celemin, M.D., 


and J. L. Larrea, M.D. 


ABSTRACT Surgical palliation of univentricular 
hearts by a modified Fontan operation has become a 
useful procedure for these complicated cases. Clo- 
sure of the right atrioventricular valve is an impor- 
tant part of the operation. Patch closure has been the 
technique used by most surgeons. Heart block and 
dehiscence of the patch have been two common 
complications of this technique; both involve severe 
hemodynamic upset and often death to the patients 
in the early postoperative period. We closed the right 
atrioventricular valve by approximating the leaflets 
using pledgeted mattress sutures in two patients. 
Advantages of this type of closure are avoidance of 
the conduction system and secure closure of the 
valve. 


Atriopulmonary diversion is often used for pal- 
liation of univentricular heart. Closure of the 
right-sided atrioventricular (AV) valve is an 
important step in the operation if the left-sided 
valve is functionally normal. Two patients with 
SLL univentricular hearts have been operated 
upon with a technique that obviates the com- 
plications frequently found when the valve is 
closed using a patch technique. 


Method 

Following median sternotomy, selective can- 
nulation of both cavae and the ascending aorta, 
and venting of the common ventricle through 
the right upper pulmonary vein, cardiopulmo- 
nary bypass is started. Previous shunt is con- 
trolled, and general hypothermia at 26°C is 
obtained. The aorta is cross-clamped, and car- 
dioplegic solution is injected into the aortic 
root. The entire operation is performed with the 
aorta cross-clamped. 
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The right atrial appendage is opened, and 
exposure of the right atrium is obtained 
through this limited incision by gentle retrac- 
tion. Visualization of the left AV valve is done 
through the atrial septal defect, and the atrial 
septal defect is closed with a Dacron patch. Clo- 
sure of the right AV valve is performed in the 
following way: first, the central points of the 
anterior and septal leaflets are approximated 
with a 4-0 pledgeted suture; the suture is care- 
fully applied to the thickened coapting edge, 
avoiding the thin central part of the leaflets. Six 
more pledgeted sutures applied toward com- 
missures close the rest of the valvular opening 
(Figure). No suture is applied in the annulus. 
The pulmonary artery is dissected and divided 
near the pulmonary valve, and the proximal 
stump is closed with a continuous suture. The 
tricuspid valve and pulmonary stump closures 
are tested for leaks by injecting saline under 
pressure through the ventricular vent. 

Finally, the right atrial appendage is anas- 
tomosed with the pulmonary artery. A patch of 
pericardium allows for a wide anastomosis. 


Comment 

Alleviation of cyanosis and an acceptable he- 
modynamic response have been achieved in 
some cases of univentricular heart by a modifi- 
cation of the Fontan operation for tricuspid 
atresia [1-4]. 

One of the surgical steps in performing a 
modified Fontan operation in a univentricular 
heart with two atrioventricular connections is 
closure of the right AV valve. Two techniques 
have been used to secure the closure of that 
valve. First, a patch of fabric has been sutured 
to the tricuspid annulus, or to the atrial wall 2 
cm above the annulus, to avoid the conduction 
system [2]; or a pericardial baffle has been in- 
serted to divert pulmonary venous blood to 
both AV valves [3]. Both techniques are prone 
to heart block and patch dehiscence. 
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Technique of right atrioventricular valve closure with 
interrupted wledgeted mattress sutures. Insets show the 
sutures applied to the thickened closing edge of the 
leaflets. 


Complete heart block occurred in 50% of the 
patients reported in one article {2]. This high 
incidence of AV block was due to suturing of 
the patch either at the annulus or near it in the 
atrial wall. Anomalous AV nodes ard an un- 
predictably situated conduction system are 
common in these types of hearts [5-7]. Suturing 
near the tricuspid annulus is extremely danger- 
ous. The rate of dehiscence of the patch in pa- 
tients reported in the literature has also been 
very high [2, 9]. The use of a patch to close the 
AV valve in this operation in humans followed 
a report of experimental work. In thet experi- 
ment, tearing of sutures used for direct closure 
of the tricuspid valve in dogs was reported [8]. 
The technique used in those experiments was 
very different from the one we used here: large 
sutures, inserted almost blindly, were applied, 
taking big portions cf leaflet tissue. A high per- 
centage of leaflet tearing was seen in the ani- 
mals studied postmartem. 

With the technique reported here, AV block 
is highly unlikely because all the sutures are 
applied to leaflet tissue. Disruption skould be 
very rare. The sutures are inserted in the area of 
tissue thickening along the coapting area of the 
leaflets, where the firm texture of the tissue al- 
lows secure insertion and holding of the su- 
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tures. Even more so during ventricular systole, 
the subvalvular apparatus avoids undue ten- 
sion of the leaflets; and during diastole, a pres- 
sure no greater than 25 mm Hg is exerted on the 
sutures: disruption should not happen. 
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CURRENT REVIEW 


Univentricular Heart: Can We Alter the Natural History? 


Antonio Corno, M.D., Anton E. Becker, M.D., Anton H. K. Bulterijs, Jan Lam, M.D., 


Aagje Nijveld, M.D., Jaap L. Schuller, M.D. 


ABSTRACT Surgical treatment must be considered 
for patients with univentricular heart in view of their 
poor natural history. Since one of the major factors 
influencing the natural history of this malformation 
is the amount of pulmonary blood flow, we discuss 
the potential surgical options by separately consid- 
ering the two main pathophysiological situations: 
univentricular heart with restricted pulmonary 
blood flow, and univentricular heart with unre- 
stricted pulmonary blood flow. 

We have reviewed the early and late results of sur- 
gical treatment based on our experience with 19 pa- 
tients and the data from the literature. Temporary 
relief of symptoms can be provided by palliative op- 
erations (systemic-pulmonary shunt, atrioseptec- 
tomy, enlargement of the outlet foramen, pulmonary 
artery banding, or palliative Mustard or Senning 
procedure). “Corrective” surgery, by means of either 
a modified Fontan operation or ventricular septa- 
tion, carries a high early mortality (about 30%) and a 
high early and late morbidity, with only 50% of sur- 
vivors enjoying an asymptomatic life. 

Studies of the long-term efficacy of palliative op- 
erations as well as our experience and that of others 
with “corrective” operations, which have a relatively 
short follow-up, do not yet indicate whether pres- 
ently available surgical procedures can alter the 
natural history of patients with univentricular heart. 


Univentricular heart is a morphological entity 
characterized by the presence of only one 
chamber fulfilling the criteria of a ventricle (the 
main chamber), with or without a coexisting 
rudimentary outlet chamber or trabecular 
pouch [1-10]. The natural history of this mal- 
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formation is generally poor [11-15]. In a mean 
follow-up of 9 years after the initial diagnosis, 
50% of patients with univentricular heart were 
symptomatic; a mortality of 30% in patients 
with restricted pulmonary blood flow and 42% 
in patients with unrestricted pulmonary blood 
flow has been reported [12]. 

Surgical intervention must be considered for 
this disease in view of its natural history. Pa- 
tients with univentricular heart and progressive 
disability can be clinically improved by either 
palliative or “corrective” surgery depending on 
their age, the hemodynamics of the malforma- 
tion, and the associated anomalies. Systemic— 
pulmonary artery shunts or banding of the 
pulmonary artery (sometimes associated with 
atrial septostomy or septectomy for left atrial 
decompression or improved atrial mixing) often 
provides relief of symptoms and survival in the 
younger group [16-32]. When considering this 
first-stage palliative approach to provide effec- 
tive pulmonary blood flow, the goal of later 
surgical repair is also kept in mind. In fact, pro- 
vided that the pulmonary vascular resistance is 
normal and the pulmonary arteries are of ade- 
quate size, complete separation of the systemic 
and pulmonary circuits can be obtained by 
means of either intracardiac septation when 
two atrioventricular valves are present [17- 
19, 23, 25, 33-48] or interposition of an atrio- 
pulmonary conduit after closure of the right 
atrioventricular ostium (modified Fontan op- 
eration) (20-24, 49-57]. This latter approach 
has recently been prompted by the concepts 
of “dispensable right ventricle’ [58] and 
“ventricular exclusion” [52]. 

Patients with univentricular heart and an 
outlet chamber of right ventricular morphology 
supporting the pulmonary artery (the so-called 
Holmes heart [3, 59, 60]) can be treated by in- 
terposing a conduit between the right atrium 
and the outlet chamber after having closed the 
right atrioventricular ostium and the outlet 
foramen. We believe [23, 24] that this surgical 
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Surgery for Univentricular Heart: 


Patient 
No. Age 
1 9 mo 
2 2 yr 2 mo 
3 3yr 
4 1 yr 10 mo 
5 2 mo 
6 11 yr 8 mo 
7 13 yr 6 mo 
8 11 yr 2 mo 
9 13 yr 10 mo 
10 15 yr 1 mo 
11 8 yr 5 mo 
12 5 yr 4 mo 
13 3 mo 
14 3 yr 4 mo 
15 6 yr 1 mo 
16 ` 13 yr2 mo 
17 16 yr 
18 15 yr 
19 10 yr 6 mo 


Previous 
Operations 


None 
None 
None 
None 
None 
None 


None 


Blalock- 
Taussig 


Blalock- 
Taussig; 
Potts 


Blalock- 
Taussig; 
Waterston 


None 


None 


None 


PA banding 


PA banding 


None 


Exploratory 
thora- 
cotomy 


PA banding 


PA banding 


Clinical Material 
Pulmonary PAP 
Blood Flow (mm Hg) 
Restricted 
Restricted 
Restricted 
Restricted 
Restricted 
Restricted 
Restricted 
Restricted 
Restricted 
Restricted 
Restricted 
Restricted 
Unrestricted 70 
Unrestricted 55 
Unrestricted 70 
Unrestricted 70 
Unrestricted 110 
Unrestricted 35 
Unrestricted 60 


Operation 


Blalock-Taussig 
Blalock-Taussig 
Blalock-Taussig 
Blalock-Taussig 
Blalock-Taussig 


Central shunt; 
Blalock- 
Hanlon 

Central shunt; 
Blalock- 
Hanlon 


Modified Fontan 


Modified Fontan 


Modified Fontan 
(atrial 
septation) 

Modified Fontan 


Modified Fontan 


PA banding 
(subclavian flap 
aortoplasty) 

PA rebanding 
(Blalock- 
Hanlon) 


Open lung 
biopsy; PA 


rebanding (patch 


aortoplasty) 
Open lung 
biopsy; PA 
banding 
Open lung 
biopsy; PA 
banding ` 
Modified Fontan. 


Ventricular 
septation (re- 
section of sub- 


aortic stenosis, 
conduit RV-PA) 


Result 
(follow-up) 


Well (40 mo) 

Well (34 mo) 

Slight cyanosis (8 mo) 
Well (6 mo) 

Well (4 mo) 

Slight cyanosis (41 mo) 


Low cardiac output; 
death day 1 


Well (30 mo) 


Recurrent episodes of 
right atrial failure 
(21 mo) 

Renal failure, cerebral 
edema, DIC, death 
day 11 

Tricuspid patch dehis- 
cence (reoperated), 
well (21 mo) 

Recurrent episodes of 
right atrial failure 
(9 mo) 

Tracheal compression by 
fluid extravasation, 
death day 9 

Well (28 mo); waiting 
for modified Fontan 


Well (34 mo); waiting 
for modified Fontan 


Well (11 mo); waiting 
for modified Fontan 


Well (4 mo); waiting 
for modified Fontan 


Tricuspid patch dehis- 
cence (reoperated), 
well (20 mo) 

Low cardiac output, 
death in operating 
room 


PAP = systolic pulmonary artery pressure; DIC = disseminated intravascular coagulopathy; PA = pulmonary artery; RV = 


right ventricle. 
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Pulmonary Blood Flow 


1. Restricted = <5 yr: Shunt and/or atrioseptectomy (or atrioseptostomy) 
~ >5 yr: Modified Fontan or ventricular septation 
2. Unrestricted 

a. Normal pressure 


in pulmonary artery 


<5 yr: Medical treatment 
> yr: Modified Fontan or ventricular septation 
Subaortic stenosis: Enlargement of outlet foramen 


Normal pulmonary 
vascular resistance 


b. Systemic pressure 
in pulmonary artery 


Increased pulmonary 
vascular resistance 


<5 yr: Pulmonary artery banding and/ 
or atrioseptectomy (or atrioseptostomy) 
>5 yr: Modified Fontan or ventricular 
septation 
Subaortic stenosis: Enlargement of 
outlet foramen or modified Damus- 
Kaye-Stansel and Fontan, or 
arterial switch and Fontan 


Lung biopsy + pulmonary artery 
banding + atrioseptectomy 

Subaortic stenosis: Enlargement of 
outlet foramen or modified Damus- 
Kaye-Stansel 


Pulmonary vascular Saturation O:% aorta > pulmonary 
K 


obstructive diseas 


Fig 1. Schema of surgical options. 


approach has a more favorable outcome than 
either intracardiac septation or a modified 


Fontan operation. These patients, therefore— 


whom we would rather group, from a surgical 
point of view, with those who have tricuspid 
atresia and normally connected great arteries— 
are not included in our review. 

In this paper we propose a schema of the sev- 
eral surgical options in the treatment of patients 
with univentricular heart, derived from our ex- 
perience and from data in the literature. The 
various surgical options applied in the treat- 
ment of our patients and the surgical results are 
summarized in the Table. Since the major factor 
influencing the natural history of patients with 
univentricular heart is the presence and degree 
of obstruction to pulmonary blood flow [7, 
11-15, 27, 44, 61-68], we discuss the actual and 
potential surgical options by separately consid- 
ering the two main pathophysiclogical situa- 
tions: univentricular heart with restricted pul- 


artery: No operation 

Saturation 02% pulmonary artery > 
aorta: Palliative Mustard or 
Senning 


monary blood flow, and univentricular heart 
with unrestricted pulmonary blood flow (Fig 1). 


Univentricular Heart with Restricted 
Pulmonary Blood Flow : 

The symptoms of univentricular heart with re- 
stricted pulmonary blood flow are generally re- 
lated to the degree of obstruction to flow. 
Rarely, the combined presence of moderate 
pulmonary stenosis and favorable streaming re- 
sults in adequate arterial oxygen saturation. 
These patients might live an asymptomatic or 
nearly asymptomatic life withcut treatment 
[12]. 

Most frequently, the obstruction to pulmo- 
nary blood flow is severe and causes symptoms 
of hypoxia, sometimes in the first months of 
life. In the presence of symptomatically re- 
stricted pulmonary blood flow, our surgical op- 
tions are as follows. 

In patients under 4 or 5 years of age, we per- 
form a systemic-to-pulmonary artery shunt. 
Our first choice is the Blalock-Taussig anas- 
tomosis, or its modification using a prosthetic 
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Fig 2. Ventricular exclusion. (A) The right atrium is 
opened through an oblique atriotomy and the right 
atrioventricular valve is exposed. (B) The right 
atrioventricular valve ostium is obliterated with 

a large prosthetic patch. 


conduit* [31, 32, 69]. We have successfully used 
this approach in 5 patients (Nos. 1-5). The use 
of an atrioseptectomy in children under 3 
months of age in order to provide adequate 
atrial mixing or decompression must also be 
considered [26, 29]. 

Patients older than 4 or 5 years were pal- 
liated, in our initial experience, with a central 
shunt associated with an atrial septectomy (Pa- 
tients 6, 7). Considering both the generally poor 
results of this surgical approach and the en- 
couraging application of the concepts of ‘‘dis- 
pensable right ventricle” and “ventricular ex- 
clusion” [20-24, 49, 50, 52, 56-58, 70-81] for 
these patients, we now consider the modified 
Fontan operation (Fig 2) to be the option of 
choice. We have accomplished such an opera- 
tion in 5 patients with univentricular heart and 
restricted pulmonary blood flow (Patients 8-12) 
with 4 survivors, of whom 2 remain symp- 
tomatic from recurrent episodes of right atrial 
failure. 


*Gore-Tex, Impra, Inc., Phoenix, AZ, and W. L. Gore and 
Associates, Inc., Elkton, MD. 





Univentricular Heart with Unrestricted 
Pulmonary Blood Flow 

Two different hemodynamic situations can be 
present in patients who have unrestricted pul- 
monary blood flow in association with univen- 
tricular heart: (1) normal pulmonary artery 
pressure, and (2) systemic pulmonary artery 
pressure. 


Normal Pulmonary Artery Pressure 

This group of patients is characterized by a 
pressure gradient of moderate degree between 
the main ventricular chamber and the pulmo- 
nary artery, with a pulmonary to systemic 
blood flow ratio (Q,/Q,) greater than 1. During 
the first years of life these patients usually are 
asymptomatic, or they present mild signs of 
congestive heart failure requiring only medical 
treatment. 

When they become progressively 
handicapped with growth, surgical treatment is 
then considered, preferably after 4 or 5 years of 
age. Our choice is to perform an atriopulmo- 
nary bypass by means of a modified Fontan op- 
eration. Should subaortic stenosis also be pres- 
ent, the gradient between the main and outlet 
chamber can be relieved by enlarging the outlet 
foramen. This approach provokes some concern 
because of the difficulty in relieving the gra- 
dient completely and because of the risk of in- 
ducing complete atrioventricular block [5, 6, 8]. 


more 
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Systemic Pulmonary Artery Pressure 

Patients with univentricular heart and systemic 
pulmonary artery pressure are prone to develop 
pulmonary vascular obstructive disease; there- 
fore, palliation by pulmonary artery banding, 
with or without associated atrioseptectomy (or 
atrioseptostomy for those under 3 months of 
age), might be necessary early in life. Our ap- 
proach in these cases consists of tight banding, 
trying to achieve the lowest distal pulmonary 
artery pressure while still maintaining pulsatile 
blood flow. This approach entails the possibil- 
ity of a later modified Fontan operation. Two of 
our patients (Nos. 13 and 14) were treated by 
pulmonary artery banding with 1 survivor, who 
is clinically improved and waiting for a future 
modified Fontan operation. 

In the presence of mildly elevated pulmonary 
vascular resistance, we proceed with a lung 
biopsy before or in the same setting as the pul- 
monary artery banding. This adds morphologi- 
cal assessment to our evaluation of the presence 
and degree of pulmonary vascular lesions done 
to determine the later feasibility of a modified 
Fontan operation [82]. Three patients (Nos. 15, 
16, and 17) in whom the results of open lung 
biopsy excluded irreversible pulmonary vascu- 
lar lesions are now candidates for future mod- 
ified Fontan operation. One patient (No. 18), 
who had previous pulmonary artery banding, 
has undergone a successful modified Fontan 
operation. However, she still experiences recur- 
rent episodes of right atrial failure. Another 
patient (No. 19) with previous pulmonary ar- 
tery banding died in the operating room after 
ventricular septation. Elevated pulmonary ar- 
tery pressure prevented a modified Fontan op- 
eration, while rebanding of the pulmonary ar- 
tery was not considered because of associated 
subaortic stenosis. 

Subaortic stenosis can be an additional ac- 
quired problem in patients initially treated by 
pulmonary artery banding [53, 54, 83]. Should it 
occur, two surgical possibilities may be consid- 
ered: relief of the gradient between the main 
and outlet chambers by enlarging the outlet 
foramen, and use of the proximal pulmonary 
artery, sometimes at suprasystemic pressure, to 
perfuse the aorta. This latter effect can be 


achieved with a large side-to-side anastomosis 


between the two arteries or by transecting the 


pulmonary artery proximal to its bifurcation, 
connecting the proximal stump to the pos- 
terolateral wall of the ascending aorta and in- 
terposing an atriopulmonary-. conduit ‘after 
patch closure of the right atrioventricular os- 
tium (modified Damus-Kaye-Stansel operation, 
Damus PS: personal communication to DC Mc- 
Goon, September 1972, and [84, 85]; and mod- 
ified Fontan operation (Fig 3) [21]). Another 
possibility is to use the proximal pulmonary 
artery as a new aortic root after reimplantation 
of the coronary arteries [86]. 

For patients in whom the presence of pio: 
nary vascular obstructive disease precludes’ any 
corrective treatment, the only available surgical 
option remains a palliative Mustard or Senning 
operation in those with higher’ ‘oxygen ‘satura- 
tion in the pulmonary artery than ir the aorta, - 
[87, 88]. z 


Comment 

Palliative and “corrective” operations are cur- 
rently performed in an attempt to alter the poor 
natural history of patients with univentricular 
heart. Whether this goal is attainable and 
realistic remains dubious. In young patients 
with univentricular heart and restricted pulmo- 
nary blood flow, an initial systeńñmic-pulmonary 
artery shunt might be effective in improving 
symptoms from cyanosis and polycythemia. 
But the improvement is temporary, and long- 
term studies of this palliative approach for pa- 
tients with univentricular heart show less 
satisfactory results than the same surgical ap- 
proach in other cyanotic congenital heart dis- 
eases [23, 27, 31]. In the study of Taussig [31], 6 
of 24 patients with univentricular heart were 
still alive 25 years after a Blalock-Taussig anas- 
tomosis, and only 2 of these did not need fur- 
ther surgery. 

Patients with unrestricted pulmonary blood 
flow and increased pulmonary artery pressure 
are treated by banding of the pulmonary artery. 
In order to relieve symptoms, prevent the 
development of pulmonary vascular obstructive 
disease, and allow later “correction,” the 
banding optimally should achieve the lowest 
distal pulmonary artery pressure while still 
maintaining pulsatile blood flow and an arterial 
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Fig 3. (A) The aorta, A, is anterior and to the righi 
(dextromalposed) of the pulmonary artery, PA. (B? The 
aorta is opened through a longitudinal aortotomy, and 
the main pulmonary artery is transected at its bifurca- 
tion. (C) The transected pulmonary artery is anas- 


_ tomosed end-to-side te the ascending aorta; ventricular 


exclusion is obtained by patch occlusion of the right 
atrioventricular valve ostium, P; the right atrium is 
connected to the bifurcation of the pulmonary artery by 
means of a valved conduit, C. 


oxygen saturation of 80 to 85% [58]. This proce- 
dure carries a high operative risk, and its 
long-term results give cause for concern be- 
cause of the potential development of subaortic 
stenosis [53, 54, 83] and banding-related com- 
plications that add to the technical complexity 
of the subsequent repair. Also, adequate 


' banding does not always prevent the progres- 


sion of pulmonary vascular obstructive disease. 

The results obtained with a palliative Mus- 
tard or Senning operation [87, 88] in patients 
with univentricular heart and pulmonary vas- 
cular obstructive disease still need to be evalu- 
ated. 

Current “corrective” surgical treatment for 
patients with univentricular heart is based on 
two different concepts: that of the modified 
Fontan operation, in which the pumping func- 
tion of the right ventricle is considered dis- 
pensable, and that of ventricular septation, 
wherein a new ventricle is obtained by patch 
division of the main ventricular chamber and 
connection to the pulmonary circuit. In re- 
viewing the literature [20~24, 49-57], we have 
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found 56 patients with univentricular heart 
who were treated with a modified Fontan oper- 
ation, with 16 early deaths (28.5%). To evaluate 
the real impact of this procedure on the natural 
history of the malformation, we should also 
give attention to the associated morbidity and 
the late results. 

After the Fontan operation, maintenance of 
adequate cardiac output necessitates high sys- 
temic venous filling pressure (above a mean 
value of 15 mm Hg) with overtransfusion of 
blood and colloids in all patients. A labile 
hemodynamic situation, requiring inotropic 
support, is usually present within the first 24 
hours postoperatively [20~24, 50, 53, 54]. In our 
experience, a relatively smooth postoperative 
course has been obtained by encouraging early 
extubation in order to avoid a higher venous 
pressure resulting from intermittent positive- 
pressure ventilation [89]. Systemic venous 
hypertension is then associated with bilateral 
pleural effusion, ascites, and sometimes with 
symptoms of cerebral edema [20~24, 49, 50, 54]. 

Almost all patients require diuretic therapy 
during their hospital convalescence, and after 
hospital dismissal [20-24]. While transient 
renal failure is common, advanced renal fail- 
ure necessitating hemodialysis or peritoneal 
dialysis rarely occurs [20-24]. Surgically in- 
duced complete heart block, although never en- 
countered in our experience, has occurred in 
some reported cases [20-24]. 

Another complication of this type of correc- 
tion, which requires reoperation, is dehiscence 
of the patch used to occlude the right atrioven- 
tricular valve [20-24]. In our experience, 2 pa- 
tients (Nos. 11 and 18) with patch dehiscence 
and recurrent disabling right-to-left shunt have 
been successfully reoperated on, implanting a 
new larger patch over the valve ostium. 

In the last 2 cases of our series, we used a 
modification of the technique for ventricular 
exclusion suggested by the Mayo Clinic group 
[22], i.e., sewing the patch to the atrial wall a 
few millimeters away from the valve annulus, 
rather than to the valve leaflets as was done ini- 
tially. With this technique, we expect a lower 
incidence of reoperation for disruption of the 
closure of the right atrioventricular valve. 


Other factors to be considered in evaluating 


the late results of the Fontan procedure are the 
potential complications secondary to the pres- 
ence of continuous rather than pulsatile pulmo- 
nary blood flow (such as development of in- 
trapulmonary shunts), and the negative effects 
on right atrial function of episodic increases in 
pulmonary vascular resistance (lung infections, 
pulmonary embolism, pleural effusion). Over 
the long term, even if the postoperative course 
of these patients after a modified Fontan opera- 
tion is burdened, especially in the first weeks, 
by frequent complications, almost 50% of the 
survivors enjoy unrestricted activity [20-24, 56, 
57]. 

Ventricular septation to “correct” univen- 
tricular heart has been applied in 61 reported 
cases, with 21 early deaths (34.4%) [17—19, 22, 
23, 25, 33-48]. After ventricular septation most 
of the patients have evidence of suboptimal 
postoperative cardiac performance, often re- 
sulting in hospital death, chronic congestive 
failure, or prolonged convalescence [25]. The 
results of ventricular septation are influenced 
by the high incidence (42.3%) of surgically in- 
duced atrioventricular block, especially when 
the repair is accomplished by placing the patch 
between the semilunar valves (that is, without 
an extracardiac conduit to restore continuity 
between the right ventricle and the pulmonary 
artery) [25]. Early late and sudden deaths oc- 
curred in 13.6% of the patients who survived 
operation [25]. : 

Another factor aggravating the clinical course 
after septation is malfunction of an atrioven- 
tricular valve, requiring annuloplasty (11.4%) 
or valve replacement (11.4%) [25]. In fact, pa- 
tients with univentricular heart frequently pre- 
sent abnormalities of the atrioventricular valves 
[56, 57, 90-93]. 

Another problem encountered with this sur- 
gical approach is the high incidence (17.1%) of 
residual shunt. at the ventricular level, which 
has required reoperation in the majority of 
cases (4 of 6) [25]. In the long run, a satisfactory 
result is achieved in about 50% of the survivors 
[25]. 

In summary, palliative operations can pro- 
vide temporary relief of symptoms for patients 
with univentricular heart and restricted or un- 
restricted pulmonary blood flow. Well-selected 
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patients, in whom disabling symptoms recur 
after initial effective palliation, may undergo re- 
pair. by a modified Fontan operation or ven- 
tricular septation. Both “corrective” operations 
carry an early mortality of approximately 30% 
and a high early and late morbidity. Ventricular 
septation finds its preferential application in 
patients with increased pulmonary vascular re- 
sistance. After “corrective” surgery, about 50% 
of survivors enjoy an unrestricted life. Studies 
of the long-term efficacy of palliative operations 
and the experience of others and our own with 
“corrective” operations, which indeed have a 
relatively short follow-up, do not yet indicate 
whether presently available surgical procedures 
can effectively alter the poor natural history of 
patients with univentricular heart. 


Appendix 
Arterial switch: Retransposition of the great arteries 
with reimplantation of the coronary arteries. 


Central shunt: Shunt from the ascending aorta to the 
main pulmonary artery. 


Damus-Kaye-Stansel operation: Transection of the 
pulmonary artery close to the bifurcation; anas- 
tomosis of the proximal portion of the pulmonary 
artery end-to-side to the ascending aorta; distal 
anastomosis of a valved conduit to the bifurcation of 
the pulmonary artery; right ventriculotomy; closure 
of the ventricular septal defect; proximal anastomosis 
of the conduit to the ventriculotomy. 


Modified Fontan operation: Creation of “tricuspid 
atresia” by closure of the right atrioventricular valve 
with a patch, closure of any atrial communication, 
ligation or transection of the proximal pulmonary 
artery, and creation of an atriopulmonary bypass by 
a valved or nonvalved conduit or by a direct anas- 
tomosis between the right atrial appendage’ and 
pulmonary artery. 


Outlet chamber: Rudimentary chamber that possesses 
a trabecular component and one or both outlet com- 
ponents. 


Palliative Mustard or Senning operation: Intraatrial 
baffle repair, leaving the ventricular septal defect 
open or creating a ventricular septal defect when ab- 
sent. 


Streaming in univentricular heart: (1) favorable 
streaming: Pulmonary venous blood preferentially 
directed to the systemic circuit; (2) unfavorable 
streaming: Systemic venous blood preferentially di- 
rected to the systemic circuit; (3) complete mixing: 
Oxygen saturation in pulmonary artery differing by 
+ 3% from oxygen saturation in aorta. 


Trabecular pouch: Rudimentary chamber that does 
not possess both the inlet and the outlet components. 


Ventricular exclusion: Patch closure of the right atrio- 
ventricular valve with closure of any atrial com- 
munication. 


Ventricular septation: Patch partition of the univen- 
tricular heart into two chambers so that series circu- 
lation will result; performed through a transatrial or 
transventricular approach; the ventriculotomy can be 
used as the origin of an extracardiac valved conduit 
connecting the right-sided ventricle to the pulmo- 


nary artery. 
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THORACIC SURGERY QUIZ 


DIRECTIONS: Select the most appropriate answer 
to each of the following questions. (Answers 
and discussions appear on p 730.) 


r 


HONS 


The most frequent indication for valve re- 
placement in a patient with endocarditis is: 


recurrent emboli 


uncontrolled sepsis 
congestive heart failure 
candida infection 

renal failure 


The most frequently encountered organism 
causing endocarditis in a patient with a 
prosthetic valve is: 

Pseudomonas 


AON 


a 


mIn 


streptococcus 


. Klebsiella 
. Candida albicans 


staphylococcus 


A 45-year-old woman with congestive heart 
failure has a left ventricular end-diastolic 
pressure of 32 mm Hg and a left ventricular 
angiogram showing an ejection fraction of 
30% with mild mitral regurgitation. The 
most likely diagnosis is: 


. papillary muscle dysfunction 


advanced rheumatic mitral insufficiency 
cardiomyopathy 


. idiopathic hypertrophic subaortic stenosis 


left ventricular aneurysm 


These questions and the answers on p 730 are reprinted from Self-Education/Self-Assessment Syllabus in Thoracic Surgery 
(SESATS) by CCCETS © 1980 by Kendall/Hunt Publishing Company. Used by permission. 
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CORRESPONDENCE 


Balanced Postpneumonectomy 
Drainage System 
To the Editor: 


The article by Katz and McElvein entitled “A Method 
of Early Irrigation of the Contaminated Post- 
pneumonectomy Space” (Ann Thorac Surg 31:464, 
1981) shows promise in handling a difficult problem. 
I am sure that the method they describe will be 
helpful in treating the patient in whom performing 
pneumonectomy in the presence of a contaminated 
pleural space is unavoidable. 

We recently had a similar experience with drainage 
for postpneumonectomy patients. At that time, no 
chest bottles were available in our institutions. Our 
program was established after the popularization of 
disposable chest drainage units, and we have never 
had underwater seal bottles. However, we were able 
to modify the Argyle four-chambered disposable 
chest drainage system* by reversing the safety-seal 
manometer to provide effective pleural suction. 

The Figure illustrates this conversion. The un- 
modified Argyle chest drainage unit is shown in A; 
the circled area indicates the connection site between 
the safety-seal manometer and the collection 
chamber. In B, the two chambers are disassembled 


*Sherwood Medical Industries, St. Louis, MO. 
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Conversion of Argyle pleural drainage system to a bal- 
anced pleural drainage system. See text for details of 
A-D. 
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by removing the plastic screws and the sleeve that 
connects the chambers. Eight inches of tubing, along 
with a connector, is cut off the end provided to hook 
up the drainage system to the patient’s intercostal 
drainage catheter. In C, the blue, tapered connector 
is inserted into the top of the safety-seal manometer, 
and the other end of the tube is connected to the port 
on the collection chamber. Finally, the screws are re- 
placed to ensure structural integrity (Fig, D). The 
manometer seal chamber can now control the amount 
of negative pleural pressure by adding fluid to the 
desired level (usually 10 to 15 cm H,O). The water- 
seal and suction-control chambers are then filled to 
their usual levels. 

Hopefully, this easy modification will prove help- 
ful to others when early postpneumonectomy drain- 
age is necessary. The conversion may also be ap- 
plicable to the balanced suction—irrigation concept 
described by Katz and McElvein, as a means of pro- 
viding a disposable closed system for early treatment 
oi the contaminated postpneumonectomy space. 


Edward V. Bennett, Jr., M.D. 


Division of Cardiothoracic Surgery 

The Universtty of Texas Health Science 
Center at San Antonio 

San Antonio, TX 78284 
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Reply 
To the Editor: 


Dr. Bennett has offered an alternative to the drainage 
system Dr. Katz and I described. The modification of 
an existing system may result in confusion for the 
nursing staff. 

There are two other alternatives. One is to use a 
commercially available balanced drainage system for 
pneumonectomy and insert the necessary irrigation 
links. The other is to fashion the appropriate drain- 
age system out of glass bottles, rubber stoppers, glass 
tubing, and flexible connecting tubing. This was the 
practice in all hospitals prior to the availability of 
prepackaged draining systems not so many vears 
ago. 


Richard B. McElvein, M.D. 


The University of Alabama 
in Birmingham 
Department of Surgery 
University Station 
Birmingham, AL 35294 


Recertification 
To the Editor: 


It is with a certain wry amusement that I have read 
the recent discussions on recertification in various 
journals [1-3], because of the curiously limited na- 
ture of the views and suggestions offered. Concern, 
presumably over the quality of surgical results, is ex- 
pressed in vague terms without precisely defining 
the extent of the problem. 

Substandard surgical care can only stem from sub- 
standard personal qualities, or from substandard 
undergraduate or postgraduate education. The out- 
come of any surgical training depends absolutely on 
an individual’s inherent personal qualities. Thus, 
specialty training can only be as good as the person 
receiving that training. 


In tacit acknowledgment of some sort of general 
guilt complex, it has been recommended that all sur- 
geons submit to a reexamination or audit euphemis- 
tically termed “recertification” or “peer review”; 
mixed up in this is the issue of government interfer- 
ence in the name of statutory regulation. 

A commitment to lifelong education must be the ° 
normal result of primary learning and conditioning. 
To attempt to regulate this commitment after the in- 
dividual’s formative process has been completed is 
self-defeating. It is also well known that increased 
regulations compound old problems and introduce 
new ones, usually at the expense of efficiency. 

In a discussion of recertification, the problem re- 
quires definition. Because any current problem must 
be the result of the educational process of recent 
years, we have an obligation to insist that primary 
training be of such a standard that it produces good 
surgeons who possess the qualities of integrity, dili- 
gence, and honesty. I feel that attention must be fo- 
cused on this issue, for very little good can come 
from merely increasing statutory regulations—es- 
pecially since any type of medical certification only 
stipulates the minimum acceptable standard. Be- 
cause of the wide spectrum of human abilities, this 
will always be the case. 


W. M. Pitt Fennell, M.B., Ch.B., F.R.C.S. 


31 Medical Centre 
St. James Rd 
East London 5201, South Africa 
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THORACIC SURGERY QUIZ: ANSWERS 


1. Answer C 

The most frequent indication for valve replacement in a pa- 
-tient with endocarditis is congestive heart failure secondary 
to perforation and incompetence of the aortic valve. Mitral 
valve incompetence secondary to leaflet perforation or 
ruptured chordae may also produce congestive failure re- 
quiring valve replacement. 

Sepsis can usually be controlled when endocarditis occurs 
in the absence of a prosthesis. When a prosthesis is present, 
uncontrolled sepsis is frequently an indication for valve re- 
placement. Recurrent emboli from an infected valve may 
also be an indication for valve replacement, but this is un- 
common. 


2. Answer E 

In early experience with prosthetic valve implantation, 
staphylococcal endocarditis was reported to occur in as 
many as 10% of patients undergoing valve replacement. 
Administration of prophylactic antistaphylococcal anti- 
biotics in the perioperative period has become a routine 
practice, and concomitantly there has been a reduction 
in the overall incidence of early prosthetic infection. 

The majority of late infections are associated with or- 
ganisms more commonly seen in subacute bacterial 
endocarditis, such as streptococcus and Staphylococcus 
epidermidis. In addition, Candida endocarditis, as well as 
endocarditis secondary to gram-negative organisms, is 
being seen with increasing frequency. However, staph- 
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ylococcus remains the most frequently encountered or- 
ganism in prosthetic valve infections. 


3. Answer C 

The triad of substantially elevated left ventricular end- 
diastolic pressure, severe left ventricular impairment (ejec- 
tion fraction of 30%), and mild mitral regurgitation indi- 
cates myocardial dysfunction rather than poor myocardial 
performance secondary to mitral incompetence. The ra- 
tionale for this diagnosis relates to the disproportionately 
greater degree of myocardial insufficiency than is seen with 
only mild mitral valve incompetence. Therefore, the correct 
answer is cardiomyopathy. 

In advanced cases of rheumatic mitral insufficiency, one 
is likely to observe a much greater degree of mitral regurgi- 
tation on the left ventriculogram, with a smaller increase in 
left ventricular end-diastolic pressure. In idiopathic hyper- 
trophic subaortic stenosis, the ejection fraction usually does 
not fall to 30%, even when the patient is in failure. Papillary 
muscle dysfunction and left ventricular aneurysm could 
conceivably be considered compatible with the symptoms 
described, but the more plausible diagnosis. of car- 
diomyopathy and lack of a reference to a history of previous 
myocardial infarction are sufficient to exclude them. 
REFERENCE 
Eliot RS, Edwards JE: Pathology of rheumatic fever and 

chronic valvular disease. In Hurst JW (ed): The Heart. 

Third edition. New York, McGraw-Hill, 1974, pp 800-802 


REVIEW OF RECENT BOOKS 


Medical and Surgical Problems of the Esophagus 
Edited by S. Stipa, R. H. R. Belsey, and A. Moraldi 
London, Academic Press, 1981 

408 pp, illustrated, $60.00 


Reviewed by David D. Oakes, M.D. 


In May, 1980, the International Symposium on Medi- 
cal and Surgical Problems of the Esophagus was held 
in Rome. The conference was designed “to bring to- 
gether the most qualified scientists in the field in 
order to give a documented and up-to-date overview 
of the various aspects of this uncommon pathology.” 
This book is a compilation of the papers presented at 
that meeting. 

Eighty authors from 17 countries ccntributed the 
83 chapters that make up the volume. The chapters 
are extremely brief, but by focusing upon limited 
topics are able to provide a surprising degree of in- 
depth analysis. 

In spite of its title, this is primarily 2 surgical text. 
Fewer than 50 pages are devoted to physiology, 
pathophysiology, and diagnostic studies. Except for 
single chapters on medical therapy for reflux 
esophagitis and radiation therapy for carcinoma, the 
remainder of the book is confined to surgical tech- 
niques, indications, and results. Attention is de- 
voted primarily to reflux esophagitis, peptic stric- 
tures, motility disorders (spasm, achalasia, and 
pulsion diverticula), and carcinoma; there is little 
more than token discussion of Barrett’s esopha- 
gus, esophageal atresia, corrosive strictures, webs, 
rings, and trauma. 

A few chapters are well illustrated, but many have 
no tables or drawings. This is not a major problem in 
discussions of well-known surgical procedures, but 
it is a distinct drawback when one tries to under- 
stand and appreciate newer or less conventional op- 
erations. For example, both Dr. Hiebert’s chapter on 
“Exclusive Right Approach for Middle Third Le- 
sions” and Dr. Skinner’s chapter on “Mediastinec- 
tomy for Esophageal Carcinoma” would have been 
more meaningful if they had been accompanied by 
appropriate surgical drawings showing the critical 
details of the respective dissections. 

Most of the ideas in this book are not new. The 
surgical approaches and techniques are generally 
well established and widely—-though by no means 
universally—employed. The outstanding exceptions 
are the chapters by Dr. Kuo Chun Huang and col- 
leagues from Peking, China, on “Diagnosis and Sur- 
gical Treatment of Early Esophageal Cancer” and 
“Surgical Treatment of Carcinoma of the Esophagus: 
Results in 1,647 Patients.” Between 1958 and 1979, 
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these investigators found an overall resectability rate 
of 83.4% and a five-year survival of 30.3% among 
patients treated surgically at the Cancer Institute of 
the Chinese Academy of Medical Sciences. Five 
hundred eighty-nine patients received preoperative 
irradiation, but the report is too brief to give the de- 
tails of indications or patient selection for combined 
therapy. By far the most exciting part of this experi- 
ence is the 85.9% five-year survival achieved among 
237 patients who underwent resection for Stage I 
(T1, NO, M0) disease. Early diagnosis was estab- 
lished by mass screening of the population using 
“abrasive cytology,” the technique of which is de- 
scribed. Dr. Huang’s report stands in sharp contrast 
to the pessimistic conclusions of the other authors, 
who tend to agree that “cures are curiosities” in this 
disease and that long-term palliation is the surgeon's 
only realistic goal. 

Perhaps the greatest deficiency of this book is its 
failure to describe the historical events that have led 
to our current concepts of esophageal surgery. How 
many patients underwent ill-fated attempts at hiatal 
hernia reduction before the true pathological pro- 
cess, reflux esophagitis, was recognized and appro- 
priate antireflux procedures devised? What are the 
critical features of the Belsey Mark IV operation that 
make it superior to its predecessors? The successes of 
the present cannot be fully appreciated without 
understanding the failures of the past. Yet, except for 
Dr. Hiebert’s fascinating chapter on “Pulsion Diver- 
ticula of the Esophagus,” relevant historical perspec- 
tive is almost totally lacking. Ironically this book may 
itself become important source material for the medi- 
cal historian who wishes to document the state of 
knowledge and practice of esophageal surgery dur- 
ing the late twentieth century. 

The volume is not suitable as an introductory text 
on esophageal problems and their management. The 
individual chapters are presented without editorial 
comment or overview, so it is left entirely to the 
reader to correlate and reconcile incompatible state- 
ments and contradictory conclusions presented by 
the various authors. Dealing critically and mean- 
ingfully with the vast and varied clinical experi- 
ences presented requires a prior understanding 
of esophageal disease and alternative modes of 
therapy. To the individual with such a background, 
the book offers a very readable overview of the con- 
temporary theory and practice of esophageal surgery. 
It is highly recommended for all physicians who are 
actively engaged in the care of patients with 
esophageal disease. 


Stanford, CA 
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CONSORTIUM FOR CONTINUING 
MEDICAL EDUCATION & RESEARCH 


550 Carson Plaza Drive, Suite 132 


Carson, California 90746 


PROGRAM DESCRIPTION 
BREAKFAST TECHNICAL SESSIONS 


1. Factors effecting pacemaker longevity. 

2. Advanced microprocessor technology. 

3. Power sources: Past, Present, and Future. 
4. Pacemaker sensing concepts. 


LUNCHEON PANELS: POINT/COUNTERPOINT 


(The experts discuss controversial topics) 

1. Should physicians be certified to implant pacer systems? 
2. Are pacemakers becoming too complicated? 

3. Have you selected the proper pacing mode? 


SCIENTIFIC SESSIONS: 
DAY I 


1. Hospital Evaluation 
2. Indications of Single and Dual Chamber Pacing 
3. Types and Modalities of Pacemakers 
4. Pacing Hemodynamics 
5. Implantation Techniques 
DAY II 
1. Use of Analyzers and Their Drawbacks 
2. Single and Dual Chamber ECG Analysis 
3. Complications in Analyzing Pacemaker ECG's 
4. Benefits of Telemetry in Patient/Pacer Analysis 
DAYIII 
1. Considerations and Complications using the 
DDD Pacing Mode 
2. Tachyarrythmia Electrophysiology 
3. Control of Tachycardia with Conventional Patient Therapy 
4. Control of Tachycardia with Special Anti-Tach Pacemakers 
5. Matching the Proper Pacer Mode to the Patient 


DAY IV 
1. Pacemaker Surveillance 
2. Future Trends 
3. Abstract Presentation: Original contributions 


Supported in part by a grant from 
The Continuing Medical Education Program of 
Pacesetter Systems, Inc. 





(213) 532-6062 
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Maui, Hotel Inter-Continental 


Registration is limited. 


COURSE OBJECTIVE 


A panel of international experts will present this course, designed 
for physicians and allied health care professionals in the field of 
cardiac pacing, providing insight into some of the new tech- 
niques for selections and implantation of apporpriate devices. 
Emphasis is placed on physiologic pacing and troubleshooting, as 
well as the technological capabilities of current and future 
devices. 


ACCREDITATION 


PHYSICIANS: This course offering is approved for up to 24 hours 
category 1 credit toward the Physician Recognition Award of the 
American Medical Association. 

AAFP: American Academy of Family Physicians applied for. 
NURSES: Approved for 20 contact hours of continuing education. 
Provider No. 01369, BRN State of California. 


REGISTRATION 
REGISTRATION PHYSICIANS & OTHERS 
FEES INDUSTRY 
Received by October 1 $450 $350 
Received by December 1 $500 $400 
After December 1 $550 $450 
HOTEL 
First Nights Hotel Deposit $100 
PROGRAM SCHEDULE 

BREAKFAST TECHNICAL SESSIONS: 7:00-8:00 A.M. 


SCIENTIFIC SESSIONS: 8:00-11:30 A.M. 
TECHNICAL WORKSHOPS: 11:30-12:00 Noon 
LUNCHEON PANEL—POINT/COUNTERPOINT — 12:00-1:30 P.M. 


THIS COURSE MEETS THE REQUIREMENT OF THE INTERNAL 
REVENUE SERVICE FOR MAINTAINING AND IMPROVING 
PROFESSIONAL SKILLS FOR INCOME TAX PURPOSES (SECTION 
162 IRS CODE). 


CALL FOR ABSTRACTS 
OF ORIGINAL RESEARCH IN CARDIAC PACING AND ELECTRO- 
PHYSIOLOGY to be presented at the 2nd Central Pacific Sym- 
posium on Cardiac Pacing. Participation of investigators from 
throughout the world are welcome. Abstracts and presentation 
must be in English. 
For information write: 


Consortium for Continuing Medical Education & Research 


REGISTRATION FORM 
Second Central Pacific Symposium 
On Cardiac Pacing 


Mail to: 


D.-C 
REGISTRATION — CARDIAC PACING pap f 
Consortium for Continuing Fellow/Reside t C 
Medical Education & Research ellow/ eaman C 
550 Carson Plaza Drive, Suite 132 Other [ 


Carson, California 90746 (213) 532-6062 


O YES, | WOULD LIKE TO RUN 
WITH THE MAUI PACERS! 

5 and 10 K MAUI PACER 

RUN FOR YOUR LIFE. 

DONT MISS THIS EXCITING EVENT! 





Make checks payable to: 
CCMER - PACEMAKER SYMPOSIUM 


IF ADDITIONAL INFORMATION IS REQUIRED 
CALL (213) 532-6062 
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TOTAL FEE 


SPECIFIC ROOM REQUIREMENTS 
WILL BE PROVIDED AT A LATER DATE. 
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CLASSIFIED ADS 


Classified ads for meeting announcements, postgraduate 
courses, and positions wanted or available must relate only 
to the thoracic and cardiovascular surgical specialties. All 
ads are subject to the approval of the Editor, and material 
deemed inappropriate for publication in The Annals will be 
rejected. The charge for all classified advertising is $25.00 
per 50 words per issue. Prepayment is required. 

Please submit full information with each ad, including 
name, address, and telephone number of contact person. If 
anonymity is desired when advertising a position wanted 
or available, please indicate this at the time of submission 
and a code number will be assigned. All responses received 
will remain confidential in the publisher's office and will be 
conveyed to the advertiser shortly after receipt. 

Ads must be submitted no later than eight weeks prior to 
the publication month of the desired issue. Send ad and 
nonrefundable check (in the amount of $25 for every 50 
words times the number of issues the ad is to run), payable 
to The Annals of Thoracic Surgery, 400 North Ingalls, Box 
050, University Hospital, Ann Arbor, MI 48109. 


Please note that The Annals does not function as a placement 
service and cannot provide information on advertised po- 
sitions. When answering advertisements, please write indi- 
vidually to each advertiser you wish to contact, using the 
address given in the ad. 


SITUATIONS WANTED 





Thoracic and cardiovascular surgeon, 35, ABS/ABTS eligi- 
ble, trained in university center, seeks private practice op- 
portunity with or without academic affiliation. No geo- 
graphical preference. Curriculum vitae and references upon 
request. Available January, 1983. 


Please respond to W-323, The Annals of Thoracic Surgery, 
34 Beacon St, Boston, MA 02106. 





Cardiothoracic surgeon, 33, ABS certified, ABTS eligible 
(7/83), currently training in major university cardiothoracic 
program; extensive experience in acquired and congenital 
cardiac surgery, trauma, and general thoracic surgery. De- 
sires mainly cardiac surgery oriented position in Middle 
Atlantic or Southeast area. Curriculum vitae and references 
on request. 


Please respond to W-330, The Annals of Thoracic Surgery, 
34 Beacon St, Boston, MA 02106. 





Cardiovascular and thoracic surgeon currently training in 
high-volume program in Houston desires position for July 
1983. Will consider all geographical areas. Curriculum vitae 
and references on request. 


Please respond to W-331, The Annals of Thoracic Surgery, 
34 Beacon St, Boston, MA 02106. 





Cardiovascular and thoracic surgeon, 34, ABS eligible, cur- 
rently training in major Canadian heart surgery center, de- 
sires academic position. Available July 1983. Clinical and 
basic research interests. Curriculum vitae and references 
upon request. 


Please respond to W-332, The Annals of Thoracic Surgery, 
34 Beacon St, Boston, MA 02106. 





A-24 





Associate professor and chief of cardiothoracic surgery at 
major university medical center, 44, ABTS, FACC, STS, 
wishes to initiate open-heart program or become associated 
with a group. Seasoned and mature with extensive clinical 
experience in all facets of cardiac surgery. Available any 
time. No geographical preferences. 


Please respond to W-333, The Annals of Thoracic Surgery, 
34 Beacon St, Boston, MA 02106. 








Cardiothoracic surgeon, 30, ABS, ABTS eligible, seeks po- 
sition in cardiac surgery; combined adult and pediatric 
program in an academic setting preferred. University 
trained, with one-year postresidency training in pediatric 
cardiothoracic surgery. Available July, 1983. 


Please respond to W-334, The Annals of Thoracic Surgery, 
34 Beacon St, Boston, MA 02106. 





Cardiovascular surgeon, 42, ABTS, currently in practice, 
desires relocation. Well experienced in adult surgical prob- 
lems. Curriculum vitae and references on request. 


Please respond to W-335, The Annals of Thoracic Surgery, 
34 Beacon St, Boston, MA 02106. 





Vascular surgeon, 34, interested in practice opportunity in 
the Northeast, California, or coastal Florida. Currently a 
fellow at Baylor College of Medicine in Houston. Extensive 
experience, hard-working, sound judgment, board certified 
in general surgery. 


Please respond to W-336, The Annals of Thoracic Surgery, 
34 Beacon St, Boston, MA 02106. 


SITUATIONS AVAILABLE 


Fellowship in pediatric cardiovascular and thoracic 
surgery. One-year program beginning July 1, 1982, and 
January 1, 1983, includes emergency newborn surgery as 
well as elective closed and open cardiac surgical procedures 
(250 to 300 cases per year). 








Please respond with curriculum vitae to A-293, The Annals 
of Thoracic Surgery, 34 Beacon St, Boston, MA 02106. 





General thoracic surgical group in suburban Boston seeks 
new associate. Must be board certified or eligible. 


Please submit resume and curriculum vitae to A-390, The 
Annals of Thoracic Surgery, 34 Beacon St, Boston, MA 
02106. 





Opportunity for cardiac surgeon in small group private 
practice. Tertiary referral center with active teaching pro- 
gram and fully equipped hospital, including advanced lab 
facilities, CT scanner, oncology program, cath lab, cardiac 
surgery, neurosurgery, dialysis, and other facilities, with a 
service area of 300,000 or more. Unspoiled university city 
on Lake Superior offers outstanding recreational oppor- 
tunities. 


Please contact J. C. Wojcik, M.D., Chairman, Recruitment 
Committee, Marquette General Hospital, 420 W Magnetic 
St, Marquette, MI 49833; tel: (906) 228-9440, ext. 434. 





Board certified thoracic and vascular surgeon needed to join 
very busy three-man group in central Florida. Extensive 
vascular experience desirable, including pacemakers and 
dialysis access. Large multifaceted hospital setting in prime 
area. 


Respond with curriculum vitae to A-398, The Annals of 
Thoracic Surgery, 34 Beacon St, Boston, MA 02106. 








Young cardiac surgeon with academic background wanted 
to start an open-heart program. ABTS certification and Flex 
or Florida license required. 


Please respond to A-400, The Annals of Thoracic Surgery, 34 
Beacon St, Boston, MA 02106. 





ABTS-certified surgeon wanted to join two others in busy 
southern California practice of noncardiac thoracic surgery. 


Please send curriculum vitae to A-403, The Annals of 
Thoracic Surgery, 34 Beacon St, Boston, MA 02106. 





Fellowship in adult cardiac surgery available July 1, 1983, at 
university-affiliated hospital with a large cardiac and 
thoracic service. 


Please send resume and inquiries to William S. Stoney, 
M.D., 4230 Harding Rd, Suite 501, Nashville, TN 37205. 





Marshfield Clinic is seeking a pediatric heart surgeon to 
join three cardiovascular surgeons, eight adult cardi- 
ologists, and two pediatric cardiologists. Surgical practice 
will include adult patients. 


Please send CV to Sidney E. Johnson, M.D., Medical Di- 
rector, 1000 N Oak Ave, Marshfield, WI 54449; tel (collect): 
Dr. Sidney Johnson, (715) 387-5253, or Dr. William Myers, 
(715) 387-5275, 








Cardiovascular and thoracic surgeon wanted for private 
practice in the Midwest. Predominately vascular and tho- 
racic. Experience with arteriography or noninvasive blood 
flow laboratory or both desirable. Must be ABTS eligible 
or certified. 


Please submit resume and curriculum vitae to A-415, The 
Annals of Thoracic Surgery, 34 Beacon St, Boston, MA 
02106. 





Thoracic-vascular surgeon needed for busy private practice 
in Ohio. Must be board certified or eligible. Main emphasis 
on thoracic, vascular, and pacemaker surgery. Office-based 
noninvasive vascular Dopscan. Potential for partnership. 


Please respond to A-418, The Annals of Thoracic Surgery, 34 
Beacon St, Boston, MA 02106. 
$$ 
Cardiovascular surgeon wanted to join busy, practicing 
surgeon in growing California coastal community. Practice 
consists of adult cardiac, thoracic and vascular surgery. Ap- 
plicant must be ABTS eligible or certified. 


Please respond to A-419, The Annals of Thoracic Surgery, 34 
Beacon St, Boston, MA 02106. 





Excellent opportunity for board-certified or -eligible 
thoracic surgeon to join established four-man group on 
Long Island, NY. Two 500-bed hospitals, fringe benefits, 
superior living environment. 


Please respond to A-421, The Annals of Thoracic Surgery, 34 
Beacon St, Boston, MA 02106. 





Clinical fellowships in thoracic and cardiovascular surgery, 
available July, 1983. Salary $25,000 plus fringes. University 
orientation with large volume of cardiac, peripheral vascu- 
lar and thoracic surgical patients. Eligibility: general 
surgery boards or equivalent, or thoracic-cardiovascular 
training, or both. 


Write to: C. J. Lambert, M.D., Cardiac, Vascular and 
Thoracic Surgical Associates of Dallas, 3434 Swiss Ave, 
Suite 404, Dallas, TX 75204. 

„N 


A-25 





Cardiovascular and thoracic surgery fellowship available 
beginning July 1, 1983, in a university-affiliated center. 
Very active clinical program. 


Please respond to Chairman, Thoracic and Cardiovascular 
Surgery, White Memorial Medical Center, 1720 Brooklyn 
Ave, Los Angeles, CA 90033. 





Cardiovascular and thoracic surgeon wanted to join princi- 
pal to form a group practice in large metropolitan city on the 
west coast of Florida. Must be ABTS certified or eligible and 
hold Florida license. Good opportunity in growing area for 
young, aggressive, and energetic individual. 


Please send curriculum vitae to A-424, The Annals of 
Thoracic Surgery, 34 Beacon St, Boston, MA 02106. 





Excellent opportunity for thoracic and peripheral vascular 
surgeon to join a private practice associated with a 900-bed 
medical center with an excellent surgical residency program 
in Hartford, CT. Candidate with recent American training 
preferred. Board certification or eligibility required. 


Please respond with curriculum vitae to A-425, The Annals 
of Thoracic Surgery, 34 Beacon St, Boston, MA 02106. 





Board certified or eligible cardiovascular-thoracic surgeon 
wanted to join active 3-member midwestern group in- 
volved in active practice of adult and pediatric cardiac 
surgery. Affiliation with teaching hospital and university 
available. 


Please respond with curriculum vitae to Robert C. Gomez, 
M.D., clo L. Byrne & Associates, 955-C W 133rd Circle, Den- 
ver, CO 80234. 





Additional perfusionist wanted for cardiac surgery pro- 
gram in western Kentucky. Competitive salary and benefits. 


Contact Jim Hammonds, Assistant Administrator, Trover 
Clinic, Clinic Dr, Madisonville, KY 42431; tel: (502) 825- 
7200. 





Cardiovascular thoracic surgery fellowships: one begin- 
ning January 1, 1982, and one beginning July 1, 1983. Active 
cardiac general thoracic and peripheral vascular program 
with clinical research opportunity. University affiliated 
600-bed hospital. Stipend plus attractive fringe benefits. 
Rental housing available. Annual conference attendance 
provided. 


Apply to Dr. Frederick H. Levine, Chairman, Cardiovascu- 
lar and Thoracic Surgery, Sinai Hospital of Detroit, 6767 W 
Outer Dr, Detroit, MI 48235; tel: (313) 493-6550. 





Thoracic surgeon, ABTS certified or eligible, wanted to join 
three-man corporation in Pittsburgh, PA. Peripheral vas- 
cular, general thoracic, pacemaker, and open-heart exper- 
tise required. Compensation negotiable for the right person. 


Send curriculum vitae to M. L. Cohen, M.D., 4815 Liberty 
Ave, Pittsburgh, PA 15224; tel: (412) 683-2533. 





Thoracic and cardiovascular surgeon wanted to join a busy 
and growing university department in the greater mef- 
ropolitan area of New York City. Guaranteed base salary 
and the opportunity to develop a private practice. 


Please respond to A-430, The Annals of Thoracic Surgery, 34 
Beacon St, Boston, MA 02106. 





Cardiothoracic group in Boston seeks new associate. 


Please submit resume and curriculum vitae to A-432, The 
Annals of Thoracic Surgery, 34 Beacon St, Boston, MA 02106. 





sophisticated pacing made simple 


High output voltage lets you pace your high threshold patients. 
Full two-way telemetry allows you to program and interrogate 
the pacer by wireless telemetry. Non-invasive threshold test 
oermits you to measure stimulation thresholds at anytime to provide 
an adequate margin of safety and optimize pacemaker longevity. 
Simple but sophisticated system utilizing microcomputer cir- 
cuitry permits easy programming and interrogation of all pace- 
maker parameters at the touch of a button. A remote printer makes 
a hard copy of all parameters. Long life expectancy of more 
than 14 years under nominal conditions” is achieved through our 
low current drain circuitry and high capacity battery. 


* 100 % pacing - 510 ohms - 70 ppm- 5 v 
F p 
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UPDATE ON TOPICS IN 
CARDIOVASCULAR DISEASES 


A Two-Day Symposium in Baltimore’s Inner Harbor 







Hyatt Regency Baltimore e May 13-14, 1983 


Co-sponsored by: 
Maryland Affiliate, American Heart Association 
and Irish Cardiac Society 











Topics to Include: Newer Methods of Controlling Arrythmias, Pacing, Management of 
Refractory Congestive Failure, Transluminal Angioplasty, Intracoronary Streptokinase, 
Long-term Follow-up of Coronary Bypass Surgery and Heart & Lung Transplantation. 













Faculty: Vincent Gott, M.D. Floyd Loop, M.D. Bruce Reitz, M.D. 





Mark Applefeld, M.D. David Green, M.D. Joseph McLaughlin, M.D. Leonard Scherlis, M.D. 
Kenneth Baughman, M.D. Andreas Gruentzig, M.D. Maurice Neligan, M.D. Michael Scott, M.D. 
Jeffrey Brinker, M.D. John Horgan, M.D. J.F. Pantridge, M.D. Frederick Sutton, M.D. 








Bernadine Bulkley, M.D. Langford Kidd, M.D. Philip Reid, M.D. Carl Tommaso, M.D. 








For further information, contact the American Heart Association, Maryland Affiliate, 
Inc., 415 N. Charles Street, P.O. Box 17025, Baltimore, Maryland 21203. (301/ 
685-7074) 










PHYSICIAN: THIRD CHARLESTON SYMPOSIUM 


CARDIOTHORACIC FELLOWSHIP | | ON CONGENITAL HEART DISEASE 
AVAILABLE IMMEDIATELY April 21-23, 1983 
Ultramodern cardiac center located on 
north shore of Long Island with strong 
program in adult and pediatric surgery; 


Sponsored by The American College 
of Cardiology 


opportunity for outstanding candidates Guest faculty: Robert H. Anderson, M.D. 
at conclusion of fellowship to join full- Aldo R. Castaneda, M.D. 
time private practice associate group Gordon K. Danielson, M.D. 
specializing in cardiac surgery. Appli- Paul A. Ebert, M.D. 

cants must have completed training in Paul C. Gillette, M.D. 
general surgery, with special interest John W. Kirkland, M.D. 


Dan G. McNamara, M.D. 
Will C. Sealy, M.D. 
Jane Somerville, M.D. 


or training, or both, in cardiothoracic 
surgery. Salary: $34,000, with excellent 
fringe benefits. 





This symposium is to be held in Charles- 
Resumes and references should be ad- ton immediately preceding the annual 
dressed to Mrs. Mary E. Hall, Coor- meeting of the American Association for 
dinator, Medical Staff Affairs, St. Francis Thoracic Surgery, April 24-27, 1983, in 
Hospital, Roslyn, NY 11576. nearby Atlanta. 


Equal Opportunity Employer M/F For information, contact program direc- 
tors: Fred A. Crawford, Jr., M.D., Arno R. 
Hohn, M.D., and Robert M. Sade, M.D., 
Medical University of South Carolina, Di- 
vision of Cardiothoracic Surgery, 171 


Ashley Ave, Charleston, SC 29425: tel: 
(803) 792-3361. 











Our new Versatrax pacemakers keep 
a heart beating like a heart. 












satrax” pacemakers are physio- 
ucal units that sense and pace in 
` chambers, precisely respond- 
o your patient’s intrinsic car- 
rhythms. The resultant 
oved hemodynamics of syn- 
nous dual chamber pacing 
“roves the quality of life in a 
oad spectrum of your patients. 
Jersatrax” pacemakers can be 
ily adapted to each of your 
ent’s particular needs because 
rogramming capability. Use of 


the CENSYS™ programmer pro- 
vides 3 pacing modes: DDD, 
DVI, or VVI. Fine tune Versa- 
trax’ physiologic pacemakers to 
each patient's specific symptomo- 
logy through program options 
which include: lower rate, upper 
rate, pulse width, A-V interval, 
sensitivities, and more. 
Versatrax™ physiologic pace- 
makers are the longest lived multi- 
modal pacing systems available 
today. You and your patients can 


— l 


Medtronic 


Leading the way to man’s heart. 


Introducing Versatrax physiological 
acemakers- the truly universal pacing system. 


anticipate an 8 year battery life 
expectancy. 

Medtronic’s commitment to you 
doesn’t end with the world’s quality 
and reliability standard in pacing 
products. For consultation any 
time, special assistance, patient 
follow-up services, or more in- 
formation, call (toll free) 1-800- 
328-2518, or mail our coupon. 
It’s all just part of the Medtronic 
difference. 






Versatrax™ Model 7000 Universal 
A-V Pacemaker 


Intended Uses 


The Model 7000 universal A-V pulse generator has a wide range of 

applications in patients requiring permanent cardiac pacing where 

restoration of A-V synchrony and/or sinus modulated rate variability 

is indicated to improve cardiac output or to protect against arrhy- 

thmias related to the sequence of cardiac impulse propagation. With 

the Model 7000 programmed in the A-V universal (DDD) mode, such 

indications may include: 

e Some of the sick sinus syndrome conditions such as intermittent 
sinus bradycardia, sinus arrest or SA block. 

e Symptomatic bradycardia. 

e Certain drug-resistant and reentrant tachycardias. 

e Atrial and ventricular ectopic arrhythmias. 

In the A-V sequential (DVI) mode, the Model 7000 may have applica- 

tion in the following: 

e Sick Sinus Syndrome (sinus bradycardia, sinus arrest, SA block, 
and the brady-tachy syndrome). 

e Symptomatic bradycardia. 

e Certain drug-resistant and reentrant tachycardias. 

e Atrial and ventricular ectopic arrhythmias. 

At any time the Model 7000 can be programmed to the VVI mode in 

which case the device functions as a ventricular inhibited pulse 

generator. This mode is intended primarily as a backup mode in 

situations where it is necessary to disable the atrial circuitry. 


Contraindications 


General. There are no known contraindications to the use of pacing 
as a therapeutic modality for control of heart rate. The patient's age 
and medical condition; however, may dictate the particular pacing 
system, mode of operation, and implantation procedure used by the 
physician. 

DDD Mode. The DDD mode is contraindicated in the presence of 
atrial fibrillation, atrial flutter and rapid atrial rhythms of slow retro- 
grade conduction. 

DVI Mode. In the DVI mode, atrial pacing is ineffective in the pres- 
ence of chronic atrial fibrillation or flutter. 


Warnings 

Diathermy. Diathermy should not be used on patients with pace- 
makers because of possible heating effects in the pulse generator 
and at the implant site. Electrosurgical units should never be used in 
the presence of unipolar pulse generators because of the danger of 
poten fibrillatory currents into the heart via the implanted pulse 
generator/lead. 


Defibrillation. Pulse generators may be damaged by defibrillatory 
discharges if the paddles are placed over the implanted pulse gener- 
ator. See the specific precautions and warnings in the technical 
manuals included with the pulse generator. 


Precautions 


The physician should be aware that all pulse generators will ulti- 
mately cease to function due to cell depletion, and may fail at any 
time due to random component or battery failures which cannot be 
predicted prior to failure. Also that the pacing system may cease to 
function at any time due to lead-related problems such as displace- 
ment, fracture, fibrotic tissue formation, elevated thresholds and 
medical complications, and that proper operation may be affected by 
electrical interference from certain electrical equipment. 


Side Effects 


Body rejection phenomena, including local tissue reaction, muscle 
and nerve stimulation, infection, erosion of pulse generator/lead 
through skin, transvenous lead-related thrombosis, embolism and 
cardiac tamponade. 


Versatrax™ Versatrax™ 


A-V Sequential 
DVI DDD 


Fully Automatic 


For more information, write: 
Physician Information Services 
Medtronic, Inc. 

Business and Technology Center 
P.O. Box 1453 

Minneapolis, MN 55440 
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"Many surgeons prefer the use of a » 


[double-lumen endobronchial tube] 
...to effect one lung ventilation so that 
the operated lung is ‘silent’ for better 
surgical exposure: ' 


In addition to providing an improved field, double-lumen tubes | 


permit complete isolation of the diseased lung to help protect 
against contamination of the healthy lung when unilatera 
pulmonary infection or hemorrhagic lesion is involved. 

Because one lung is immobile, a quieter surgical field is 
presented and trauma to lung tissue from excessive 
retraction is reduced.’ 

In the past, there was some concern about unrecog- 
nized hypoxemia during thoracotomy with ventilation of 
just one lung, but numerous studies indicate that this 
fear is largely unjustified in most cases.’ 

For more information about the advantages of 
double-lumen tubes in thoracic surgery, write or 
call NCC for “Special Case #3: Selective Lung 
Ventilation” It will be mailed to you free of charge 
See package insert prior to use. 


FOR MORE INFORMATION 
Call 800-833-8842 and 
ask for Sandy McIntosh. 


NCC Division : i 
Mallinckrodt, Inc. 2 
230 Dix Avenue 

Glens Falls, New York 12801 
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Use of a double-lumen endo- 
bronchial tube in thoracotomy 
helps provide better surgical 
access and a quieter field, 
permits complete isolation of 
the diseased lung and helps 
protect against damage due to 
excessive retraction 





QUALITY 
— ISNOACCIDENT. 
IT'S ALWAYS THE RESULT | 
OF INTELLIGENT EFFORT. ‘ 
THERE MUST BE 
THE WILLTO PRODUCE 
A SUPERIOR THING... 


As a result of our mutual commitment to quality, Texas 
Medical Products has become a wholly-owned subsidiary of 
Norton Company. 

What it means to us is that we can now have more direct 
control of the quality of your Tygon’ packs, and can help assure 
availability and reasonable pricing. | 

What it means to you is that you will not be charged a premium 
when you specify Tygon in your heart /lung packs. 

It also means we can be more directly involved in providing the 
service, product response and resources you need. 

We're looking forward to talking with you about your custom 
Tygon heart /lung pack and other perfusion product needs. Call 
either of our numbers for prompt service: 

Houston (toll-free) number: 800-231-9871. 

Akron (collect) number: 216-673-5860. 
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Texas Medical Products f vorron | HEALTH CARE PRODUCTS 
: 10940 S. Wilcrest Drive, Houston, Texas 77099 PO BOX 350 AKRON OHIO 44309 Phone 216-673-5860 
713-933-7766 Toll Free 800-231-9871 MAKERS OF TYGON” TUBING 
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